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IEVADS

Geografiski Latvija atrodas ziemas kvie$u (Triticum aestivum L.)
audzeSanai labveliga zona. Ziemas kvie$i Latvija aizpem nozimigu dalu no
lauksaimnieciba izmantojamas zemes. Kvalitativu ziemas kvie$u graudu ieguve
ir aktuala graudkopibas probléma. No kviesu graudiem iegtist miltus, no kuriem
razo svarigako partikas produktu — maizi —, ka arT cepumus, brokastu parslas,
makaronus u. c.

KvieSu graudu kvalitati nosaka vairaki tehnologiskas Tpasibas
raksturojo$i raditaji, kas ir atkarigi no graudu kimiska sastava. Galvenie
kvalitates raditaji ir kopproteina un lipekla saturs, sedimentacijas vértiba un
kriSanas skaitlis. Ziemas kvieSu graudu tehnologiskas ipaSibas ietekmé
agroekologiskie faktori, no kuriem svarigakie ir gada meteorologiskie apstakli:
gaisa temperatiira un mitruma nodro§inajums. Ziemas kvieSu audzgsana liela
ietekme uz graudu kvalitati ir slapekla méslojumam, kas ir viens no
dinamiskakajiem augu baribas elementiem. Tap&c ir svarigi noskaidrot, ar kadu
slapekla méslojuma normu var iegit kvalitativus kvieSu graudus. Graudu
tehnologiskas ipasibas ietekmé ari $kirnes gengtiskais potencials, kas var
mainities atSkirTgos meteorologiskajos apstaklos. Pieaugot patérétaju prasibam
péc veseligakiem produktiem, arvien vairak uztura tiek lietoti pilngraudu
produkti, kuru razo$ana tiek izmantots viss grauds. Tie ir veseligaki, jo no
graudiem nav atdaliti graudapvalki un diglis, un tie satur gan taukos $kistosSo E
vitaminu, gan iideni S$kistoSos B grupas vitaminus. Tadgjadi pilngraudu
produktiem piemit lielaka biologiska vértiba. Lidz ar to rodas nepiecieSamiba
noteikt pilngraudu miltu reologiskas ipasibas, proti, miklas veidosanas laiku,
miklas stabilitati, miklas izplistamibu, ka arT noskaidrot, kadi faktori tas
ietekmg, jo 1idz8ingjos p&tijumos Latvija tiem nav veltita pietiekama uzmaniba.

P&c graudu nokul$anas graudus 1idz malSanai uzglaba dazus ménesus vai
pat gadu, tapéc janoverte, vai graudu uzglabasanas laika mainas to kvalitate un
jautajumi nav pétiti kompleksi. Zinatniskaja literattra trikst datu par ziemas
kviesu pilngraudu miltu Gidens uznemsanas sp&ju un miklas reologisko ipasibu
izmainam atkariba no Skirnes, slapekla méslojuma normas, gada
meteorologiskajiem apstakliem un graudu uzglabasanas laika.

Darba hipoteze

Slapekla méslojuma normas, gada meteorologisko apstaklu un graudu
uzglabasanas ilguma ietekme uz graudu tehnologiskajam ipasibam dazadam
kvieSu Skirném ir atsSkiriga.

Darba merkis

Izvertét slapekla méslojuma normas, gada meteorologisko apstaklu un
graudu uzglabasanas ilguma ietekmi uz divu ziemas kvieS$u Skirnu, atSkirigu
péc potencialas razibas un kvalitates, graudu tehnologiskajam pasibam.



Darba uzdevumi

1.

Vertet graudu tehnologiskas ipasibas péc raZas novaksanas atkariba no
slapekla m&slojuma normas, gada meteorologiskajiem apstakliem un
Skirnes, ka arT noteikt tehnologisko Ipasibu savstarpgjas sakaribas.
Izvertet graudu razu atkariba no slapekla meslojuma, gada
meteorologiskajiem apstakliem un $kirnes.

. Noteikt petamo faktoru ietekmes Tpatsvaru un mijiedarbibu uz graudu

tehnologiskajam Tpasibam un razu.

Skaidrot graudu tehnologisko Tpasibu izmainas graudu uzglabasanas
laika (péc 60, 120 un 360 dienam), ka arT izvertét tehnologisko Tpasibu
savstarpgjas sakaribas.

. Noskaidrot graudu uzglabasanas laika, slapekla meéslojuma, gada

meteorologisko apstaklu un Skirnes faktoru ietekmes ipatsvaru un
mijiedarbibu uz graudu tehnologiskajam ipasibam.

Aizstavamas tezes

1.

Slapekla mé&slojums butiski ietekmé ziemas kvieSu graudu fizikalos un
kimiskos kvalitates raditajus, bet gada meteorologisko apstaklu un
Skirnes ietekme ir lielaka.

Dazadu $kirpu pilngraudu miltu miklas reologiskas pasibas atskiras.
Pilngraudu miklas reologiskas ipasibas ietekmé kvieSu augSanas laika
lietotais slapekla méslojums, gada meteorologiskie apstakli un Skirne.
Graudus uzglabajot vienu gadu, kimiskie kvalitates raditaji butiski
mainas.

Graudus uzglabajot vienu gadu, miklas reologiskas ipasibas ziemas
kvieSu skirném mainas, tomér milti ir pieméroti pilngraudu miltu
razoSanai.

Darba novitate

1.

3.

Latvija pirmo reizi veikta ziemas kvieSu Skirpu graudu Kkimisko
kvalitates raditaju izpete graudu uzglabasanas laika un dazadu slapekla
méslojuma normu un gada meteorologisko apstaklu ietekmé.

Pirmo reizi veértétas ziemas kvieSu skirnu pilngraudu miltu Gdens
uznemsanas sp&jas un miklas reologisko pasibu (miklas veido$anas
laiks, miklas stabilitate un izplastamibas pakape) izmainas slapekla
méslojuma, meteorologisko apstaklu un graudu uzglabasanas laika.
Izvertéti graudu tehnologisko T1paSibu ietekmes faktori un to
mijiedarbiba.

Promocijas darba izstrade lidzfinanséta

1.

2.

ZM subsidiju projekts “Mineralméslu maksimalo normu noteik$ana
kultoraugiem” (2009.-2014. g.).

Valsts pétfjumu programmas “Lauksaimniecibas resursi ilgtspgjigai
kvalitativas un veseligas partikas razoSanai Latvija (AgroBioRes)”
(2014.-2017. g.) projekts Nr. 1 “Augsnes ilgtsp€jiga izmantoSana un
méslo$anas risku mazina$ana (AUGSNE)”.



P&tfjuma rezultati atspoguloti 12 zinatniskas publikacijas (piecas no tam
ick]autas Scopus un/vai Web of Science datu bazes) anglu un latviesu valoda un
devinu konferencu tez€s. Par rezultatiem zinots 10 starptautiskas un astonas
citas konferences un seminaros.

PETIJUMA APSTAKLI UN METODES

Pétijuma iekartoSanas metodika

Lauka izméginajumi veikti Latvijas Lauksaimniecibas universitates
Macibu un pétjjumu saimnieciba (LLU MPS) “Pé&terlauki” (geografiskas
koordinatas: 56° 30.658" Zp. un 23° 41.580" Ag.) tris gadus: 2009./2010. g.,
2010./2011. g. un 2011./2012. g. (faktors A).

Izméginajums iekartots videji smaga smilsmala velénu karbonataugsné
(Endocalcaric Abruptic Luvisol (World Reference Base, 2014)). Organiskas
vielas saturs augsné — 27-31 g kg''; pH KCI 6.6-7.0, ar videju augiem viegli
izmantojama fosfora un vid&ju apmainas kalija saturu. P&tjjuma izmantota
tradicionala augsnes apstrade, kas ietver augsnes arSanu. Ziemas kvieSi séti
(13.09.2009., 25.09.2010., 12.09.2011.) péc melnas papuves, Cetros
atkartojumos; izs&jas norma — 450 digtspgjigu seklu uz 1 m?.

P&tjjuma ieklautas divas ziemas kvieSu Skirnes — ‘Bussard’ un ‘Zentos’
(Vicija) (faktors C). Pamatm@&slojuma reizé ar s&ju iestradats P,0s (70 kg ha™)
un K,O (90 kg ha™). Slapekla (N) méslojums dots pavasari péc vegetacijas
atjaunosanas: N60, N90, N120 un NI150 (faktors B). P&tijuma tika lietoti
herbicidi, augu augSanas regulatori un fungicidi atbilstos§i audzEéSanas
tehnologijas prasibam. Ziemas kvieSus novaca optimala laika — augusta sakuma
(04.08.2010., 05.08.2011., 03.08.2012.). leguta raza parrékinata tonnas no
hektara, pie standartmitruma 14% un 100% tiribas. No katra atkartojuma
nonemts vid€jais paraugs atbilsto§i LVS 270 standartam. Graudi uzglabati
mainigos apstaklos; graudi analiz€m npemti tdlit péc to nokulSanas un to
uzglabasanas laika — 60, 120 un 360 dienas (faktors D).

Meteorologisko apstaklu raksturojums

Ziemas kvieSu augsanas ilgums no vegetacijas perioda atjaunosanas Iidz
graudu novaksanai izméginajuma gados bija atSkirigs: 2010. un 2011. gada
attiecigi 126 dienas un 121 diena, bet 2012. gada — 111 dienas, jo vegetacijas
periods sakas vélu (15. aprili) (1. tab.). Nokrisnu daudzums 2010., 2011. un
2012. gada graudu veidoSanas un nogatavoSanas perioda jiilija bija attiecigi
298, 179 un 197 mm, kas ievérojami parsniedza ilggad&jo vid&jo raditaju
(81.7 mm). Aktivo temperatiru summa (virs +5 °C) ziemas kvieSu vegetacijas
perioda 2010. un 2011. gada bija attiecigi 1777 °C un 1769 °C, bet 2012. gads
bija vésaks, ar zemaku aktivo temperatiru summu — 1561 °C. Meteorologisko
apstaklu raksturo$anai izméginajuma gados vegetacijas perioda izvelets



Seljaninova hidrotermiskais koeficients (HTK), ko izsaka ka sakaribu starp
nokri$nu un gaisa temperataru (virs +10 °C) summu noteikta perioda (1. tab.).

Noverots, ka 2010. un 2012. gada vegetacijas periods bija parmitrs, jo
HTK bija attiecigi 2.79 un 2.65 (1. tab.). Savukart 2011. gada HTK bija 1.92,
kas norada uz pietiekamu mitruma nodroSinajumu.

1. tabula / Table 1
Ziemas kvieSu attistibas etapu perioda ilgums un laika apstakli
izméginajuma, 2010.-2012. 9. /
Duration of winter wheat growth stages and description of the weather
conditions in the investigation, 2010-2012

B . Gads/ | Attistibas etapi (AE) / Growth stages (GS)

Raditaji / Traits Year 2491 7530 3150 51-91
Perioda ilgums, dienas / 2010 126 45 29 52
Duration of the period, 2011 121 42 20 61
days 2012 111 31 19 61
Aktivo temperatiiru summa, 2010 1777 360 424 994
+5 °C / Sum of active 2011 1769 363 296 1111
temperatures,+5 °C 2012 1561 310 236 1016
Diennakts vidéja 2010 14.1 8.0 14.6 19.1
temperatira, °C / Mean 2011 14.5 8.9 14.8 18.2
daily temperature, °C 2012 14.7 10.0 124 16.7
Nokri$nu summa, mm / 2010 495 107 52 337
Sum of precipitation, 2011 339 71 13 255
mm 2012 414 89 35 289
Hidrotermiskais koeficients 2010 2.79 2.96 1.23 3.24
(HTK) / Hydrothermal 2011 1.92 1.96 0.43 2.26
coefficient (HTC) 2012 2.65 2.88 1.50 2.75

Kopuma 2009./2010. gada sezona bija lietaina, kas neveicinaja augstas
kvie$u graudu raZas, bet vasara bija silta un julija ménesi bija daudz saulainu
dienu, un graudi izveidojas ar labu kvalitati. Veért&jot 2010./2011. gada sezonu,
var secinat, ka no augu stiebroSanas lidz varposanai kvieSiem bija par maz
mitruma, bet julija menesi, kad kvieSu graudi nobrieda, bija lietaini laika
apstakli, tomeér lietus mijas ar saulainu un loti siltu laiku, tapec ari $aja gada
graudu kvalitate bija laba. Kopuma §T sezona bija piem@rota ziemas kviesu
audzeSanai. Tomer 2011./2012. gada sezona, salidzinot ar ieprieksgjiem
gadiem, bija vésaka. Vegetacija atjaunojas vélu — tikai aprila vidd, lidz ar to
ziemas kvieSu augSanas ilgums no vegetacijas perioda atjauno$anas lidz graudu
novaksanai 2012. gada bija par 9—15 dienam 1saks, salidzinot ar ieprieksgjiem
izméginajuma gadiem. Palielinatais nokri$nu daudzums jutami ietekmgja razas
veidoSanas procesu: pozitivi ietekmégja razas lielumu, bet negativi — graudu
kvalitati.




Datu matematiska apstrade

Petijuma iegiito datu apstrade veikta ar divfaktoru, trisfaktoru un
Cetrfaktoru dispersijas analizi, izmantots FiSera kritérijs (p<0.05), aprékinata
robezZstarpiba (Rsggs), vertets faktoru ietekmes ipatsvars (1, %). Starp graudu
tehnologiskajam pasibam veikta korelacijas un regresijas analize. Statistiskas
stabilitates izvertéSanai aprékinats variacijas koeficients (V, %). AtSkiribas
starp abu ziemas kvieSu $kirpu graudu tehnologiskajam pasibam noteiktas ar
t-testu.
AnaliZu metodes

LLU Lauksaimniecibas fakultates Agrobiotehnologijas institita Graudu
un s€klu macibu zinatniskaja laboratorija noteikta 1000 graudu masa
(LVS EN ISO 520), graudu tilpummasa (LVS 273), lipekla saturs un indekss
(LVS 275), sedimentacijas vértiba (LVS 1SO 5529) un kriSanas skaitlis
(LVS EN ISO 3093: 2007). LLU Agronomisko analizu zinatniskaja laboratorija
noteikts kopproteina saturs (LVS 277) ar Kjeldala metodi (nosakot slapekla
saturu un to reizinot ar koeficientu 5.7) un cietes saturs graudos
(LVS EN ISO 10520). Kviesu iedalijums grupas péc kvalitates raditajiem dots
2. tabula.

2. tabula / Table 2
Lielako graudu eksportétaju uznémumu pienemtais kvieSu graudu
iedalijums péc kvalitates raditajiem /
The breakdown of wheat grain by the biggest grain exporters by quality indices

Kviesi Kopproteina | Zeleny Lipekla Tilpummasa / Krisanas
(grupa) / saturs / indekss / saturs / Volume skaitlis /
Wheat Crude Zeleny Gluten weight, Falling
(group) protein, % index content, % gL? number, s
A+ >14.5 >50 >28 >780 >280
A >13.5 >30 >26 >760 >250
B >12.0 >22 >23 >740 >240
- (lopbaribai <11.0 <22 <22 <740 <240
/ for feed)

LLU Partikas tehnologijas fakultates Partikas tehnologijas katedras
Partikas produktu laboratorija veikta pilngraudu miltu miklas reologisko
ipasibu izpéte ar farinografu (ICC 115/1), nosakot pilngraudu miltu tdens
uznems$anas sp&ju, miklas veidoSanas laiku, miklas stabilitates laiku un miklas
izplistamibas pakapi (1. att). Reologiskas ipasibas vértétas péc 3. tabula dota
miltu iedalijuma grupas: vaji, vid&ji stipri, stipri un Joti stipri.



4 6 8 10 12 14 16 I8 20
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1. att. Pilngraudu miltu reologisko ipasibu noteik§ana péc farinografa
raditajiem. /
Fig. 1. Determination of wholemeal rheological properties by farinograph
indices:
A — miklas veido§anas laiks (MVL), min / dough development time (MVL), min;
B — miklas stabilitates laiks (STA), min / dough stability time (STA), min;
C — miklas izplustamibas pakape (MI), FU (farinografa vienibas) / degree of softening
(MI), FU (farinograph units)

3. tabula / Table 3
Miltu iedalijums péc miklas reologiskajam ipasibam /
Flour quality groups divided by dough rheological properties

Miltu kvalitates Miklas reologiskas ipasibas / Dough rheological properties
grupa/ Flour ous, MVL, STA, Ml,
quality group g kg min min FU

Vaji / Weak <550 <1 1-3 >110

Vidzji stipri / 550-580 2.4 47 110-70

Medium strong

Stipri / Strong >580 3-5 8-14 <70

ot stipr / >580 6-12 20-32 <70
xtra strong

Autori / Koppel, William, Koppel, E/Ziﬁsé];ize’

References Ingver, 2008 1997 Ingver, 2008 2006b ’

UUS — adens uznemsanas sp&ja, g kg / water absorption, g kg™;

MVL — miklas veido$anas laiks, min / dough development time, min;

STA — miklas stabilitates laiks, min / dough stability time, min;
MI — miklas izplastamibas pakape, FU (farinografa vienibas) / degree of softening,
FU (farinograph units)



REZULTATI

Gada meteorologisko apstaklu un slapekla méslojuma ietekme uz ziemas
kvieSu graudu tehnologiskajam ipasibam un razu

Graudu fizikalie raditaji

Vidgji tris gados, lietojot dazadas slapekla méslojuma normas, ziemas
kviesu Skirnei ‘Zentos’ 1000 graudu masa bija 43.6 g, bet ‘Bussard’
graudiem — 43.4 g ar variacijas koeficientu attiecigi 5% un 4% (4. tab.). Graudu
tilpummasa 3kirnei ‘Zentos’ bija 795.8 g L™, savukart kirnei ‘Bussard’ —
791.7 g LY, kas liecina, ka graudi bija atbilstodi A+ kvalitates grupai (4. tab.).
Bitiskas atSkiribas (p>0.05) starp ‘Bussard’ un ‘Zentos’ $kirpu 1000 graudu
masas un tilpummasas vid€jiem raditajiem netika konstatetas.

Graudu kvalitates kimiskie raditaji

Kopproteina saturs vidgji tris gados $kirnes ‘Bussard’ graudiem bija
143 g kg™ (V = 10%), kas par 21 g kg™ parsniedza $kirnei ‘Zentos’ noteikto
(123 g kg, V = 14%). Skirnes ‘Bussard’ graudu kopproteina saturs jau pie N60
sasniedza partikas graudiem (maizes cepSanai) izvirzitas prasibas
(139.2 g kg™), bet skirnei ‘Zentos’ — tikai pie slapek]a m&slojuma normas N120
(1275 g kg™?) (2. att.).

Sedimentacijas vertiba Skirnes ‘Bussard’ graudiem bija 55.9 mL, kas
bija par 13.3 mL augstaka ar zemaku variacijas koeficientu (V = 18%),
salidzinot ar Skirnei ‘Zentos’ noteikto (42.6 mL, V = 23%) (4. tab., 3. att.).
Kopproteina saturs un sedimentacijas vértiba bija butiski (p<0.05) zemaki
2012. gada iegitajiem ziemas kvieSu graudiem, jo nelabvéligie meteorologiskie
apstakli — zema vid€ja gaisa temperatira (vidgji 12.7 °C visa vegetacijas
perioda) un lielais nokrisnu daudzums (496 mm visa vegetacijas perioda) —
nesekmgja kopproteina uzkrasanos. Skirnes ‘Bussard’ graudiem sedimentacijas
vértiba jau pie N60 bija atbilstosa A+ kvalitates grupai (53.5 mL), bet Skirnes
‘Zentos’ graudiem pie visam N méslojuma normam ta ietilpa A grupa.

Lipekla saturs un lipekla indekss. Skirnes ‘Bussard’ graudu vidgjais
lipekla saturs sasniedza 284 g kg™, kas bija par 48 g kg™ augstak (p<0.05) ar
zemaku variacijas koeficientu (V = 12%) neka skirnei ‘Zentos’ (lipekla saturs —
236 g kg™ ar V = 15%). Lipekla saturs $kirnei ‘Busard’ 2010. un 2011. gada
parsniedza 300 g kg™ un bija atbilsto§s A+ grupas prasibam, bet ‘Zentos’ graudi
raksturojas ar zemaku lipekla saturu, un tos vargja iedalit A un B partikas
graudu kvalitates grupa. Zemaks lipekla saturs abu Skirpu graudiem iegiits
2012. gada, kad 51.-91. AE bija zemaka gaisa temperattra (16.7 °C), salidzinot
ar 2010. un 2011. gadu. Lipekla saturs 2012. gada Skirnes ‘Zentos’ graudiem
nebija atbilsto§s maizes cepsanai (197 g kg™), bet $kirnes ‘Bussard’ graudi bija
atbilstosi B kvalitates grupai (243 g kg™) (4. att.).
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4. tabula/ Table 4
Ziemas kviesu Skirpu ‘Bussard’ un ‘Zentos’ graudu tehnologisko ipasibu
un razas vidgjie raditaji, 2010.-2012. g. /
Average data of grain technological properties and yield of winter wheat
cultivars ‘Bussard’ and ‘Zentos’, 2010-2012

Raditaji / Traits VST Min | Max |V, %
‘Bussard’
1000 graudu masa / 1000 grain weight, g 43.4+£0.5 | 40.6 | 464 4
Tilpummasa / Volume weight, g L™ 792+5.1 764 | 817 2
Kopproteina saturs / Crude protein content, g kg’ 143+4.3 116 | 159 10
Sedimentacijas vertiba / Sedimentation value, mL 56+2.8 39 65 18
Lipekla saturs / Gluten content, g kg™ 284+10.2 | 225 | 335 12
Lipekla indekss / Gluten index 80+2.3 71 95 10
Cietes saturs / Starch content, g kg™ 674+4.9 654 | 702 3
KriSanas skaitlis / Falling number, s 301+£15.1 | 221 | 383 17
Udens uznemsanas sp&ja / Water absorption, g kg™ 721+4.6 693 | 748 2
Miklas veid. laiks / Dough developm. time, min 4.840.2 35 6.1 15
Miklas stabilitate / Dough stability time, min 9.0£0.5 6.7 | 125 21
Miklas izplastamiba / Dough softening, FU 23.842.0 | 13.2 | 38.3 30
Graudu raza / Grain yield, t ha 5.90+0.2 | 5.13 | 6.63 9
‘Zentos’
1000 graudu masa / 1000 grain weight, g 43.6+0.6 | 40.0 | 46.3 5
Tilpummasa / Volume weight, g L™ 796+£5.6 | 765 | 824 3
Kopprotena saturs / Crude protein content, g kg™ 123+4.8 96 144 14
Sedimentacijas veértiba / Sedimentation value, mL 4342.9 28 59 23
Lipekla saturs / Gluten content, g kg 237+£10.3 | 176 | 289 15
Lipekla indekss / Gluten index 63+ 2.6 52 81 14
Cietes saturs / Starch content, g kg™ 680+4.6 | 658 | 706 2
Krisanas skaitlis / Falling number, s 350+7.2 300 | 381 7
Udens uznemganas sp&ja / Water absorption, g kg™ 687+5.8 662 | 717 3
Miklas veid. laiks / Dough developm. time, min 5.94+0.2 5.1 6.8 12
Miklas stabilitate / Dough stability, min 6.8+0.5 3.8 8.9 24
Miklas izplustamiba / Dough softening, FU 43.0+3.0 | 30.0 | 614 24
Graudu raza / Grain yield, t ha™ 6.54+0.1 | 6.18 | 6.92 4

Tris izméginajuma gados vid&jais lipekla indekss Skirnes ‘Bussard’
graudiem bija 80, kas bija par 17 vienibam augstak (p<0.05) ar zemaku
variacijas koeficientu (V = 10%) neka Skirnei Zentos’ (lipekla indekss 63,
V = 14%). Lipekla indekss $kirnes ‘Busard’ graudiem bija no 74 lidz 84 un
visos izméginajuma gados ietilpa | kvalitates grupa. Ari skirnes ‘Zentos’ graudi
2011. un 2012. gada noverteti atbilstosi | kvalitates grupai (attiecigi 63 un 72),
bet 2010. gada lipek]a indekss bija 55 un graudi ietilpa Il kvalitates grupa
(5. att.).
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Cietes saturs skirpu ‘Bussard’ (674 g kg™) un ‘Zentos’ (680 g kg™)
graudiem batiski (p>0.05) neatSkiras. Bitiski augstaks cietes saturs bija
2012. gada iegitajiem ziemas kvielu graudiem: ‘Bussard’ — 696 g kg™,
‘Zentos’ — 700 g kg™ (4. tab.). Paliclinot slapekla méslojuma normas, abam
Skirn€m cietes saturs graudos btiski (p<0.05) samazinajas.

KriSanas skaitlis $kirnei ‘Zentos” vidgji bija 395 s, kas bija butiski
augstak neka Skirnei ‘Bussard’ (346 s). Skirnes ‘Zentos’ graudiem krisanas
skaitlis bija stabilaks ar variacijas koeficientu 12%, savukart $kirnei ‘Bussard’ —
19%. Abu skirpu graudi, vert§jot péc kriSanas skaitla (6. att.), ievérojami
parsniedza parstrades uznémumu A+ grupas prasibas partikas graudiem (280 s).
Pilngraudu miltu miklas reologiskas ipasibas

Udens uzpemsanas spéja $kirnes ‘Bussard’ pilngraudu miltiem bija
vidgji 721 g kg™, un tie piesaistija par 34 g kg™ vairak tdens (p<0.05) neka
‘Zentos” pilngraudu milti (vid. 687 g kg™) (4. tab.). Udens uznemsanas sp&ja
bija butiski (p<0.05) lielaka, ja kvieSu augSanas laika tika lietotas lielakas
slapekla mé&slojuma normas. Pie N60 pilngraudu miltu sp&ja piesaistit Gdeni
bija 707 g kg™ (‘Bussard’) un 677 g kg™ (‘Zentos’) (7. att.), bet pie N120 un
N150 — attiecigi 727-732 g kg™ un 690-706 g kg™*. Abu $kirpu pilngraudu milti
péc tdens absorbcijas sp€jas bija stipri.

Miklas veido$anas laiks Skirnes ‘Zentos’ pilngraudu miltiem
(vid. 5.9 min) bija batiski ilgaks (p<0.05) ar zemaku variacijas koeficientu
(12%), salidzinot ar $kirnei ‘Bussard’ noteikto (vid. 4.8 min, V = 15%), un
milti bija stipri (8. att.).

Miklas stabilitate Skirnes ‘Bussard’ pilngraudu miltu miklai (vid. 9.0
min) bija batiski (p<0.05) par 2.3 min augstaka ar zemaku variacijas
koeficientu (V = 21%) (4. tab.), salidzinot ar Skirnei ‘Zentos’ noteikto
(vid. 6.8 min, V = 24%). Skirnes ‘Bussard’ pilngraudu milti bija stipri, bet
‘Zentos’ pilngraudu milti — vidgji stipri. Ja ziemas kvieSu augSanas laika bija
lietotas lielakas N meéslojuma normas (N120 un N150), tad miltu miklas
stabilitate ieilga: no 9.3 Iidz 10.4 min ‘Bussard’ Skirnei un no 7.1 Iidz 6.9 min
‘Zentos’ Skirnei (9. att.).

Miklas izplistamibas pakape vidéji tris gados Skirnes ‘Bussard’
pilngraudu miltu miklai (23.8 FU) bija batiski (p<0.05) par 19.2 FU zemaka ar
lielaku variacijas koeficientu (V = 30%), salidzinot ar $kirnei ‘Zentos’ noteikto
(43.0 FU, V = 24%) (4. tab.). Palielinot N méslojuma normas, $kirnes ‘Zentos’
pilngraudu miltu miklas izplistamibas pakape samazinajas: pie N60 ta bija
50.0 FU, bet pie N120 un N150 ta bija butiski zemaka — attiecigi 40.1 FU un
37.4 FU. Skirnes ‘Bussard’ graudiem miltu izpliistamibas pakape pie dazadam
N meslojuma normam svarstijas mazak: no 21.2 FU lidz 26.8 FU (10. att.).
Abu skirpu pilngraudu miltu miklas izpliistamibas pakape bija salidzinosi
zema, kas liecina, ka milti bija stipri.

Téze “Dazadu Skirpu pilngraudu miltu miklas reologiskas ipasibas
atSkiras” apstiprinajas.
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Graudu raza vidgji tris gados (4. tab.) Skirnei ‘Zentos’ sasniedza
6.54 t ha® un bija par 0.58 t ha' jeb 10% augstaka ar zemaku variacijas
koeficientu (V = 4%) neka Skirnei ‘Bussard’ (vid&ja raza 5.91 t ha™, V = 9%).
Graudu razu abam $kirném bitiski (p<0.05) ietekm&ja gada meteorologiskie
apstakli. Trijos izméginajuma gados netika konstatéta batiska slapekla
papildméslojuma ietekme uz graudu razu (p>0.05). Tas skaidrojams ar to, ka
izm&ginajums veikts loti augligajas Péterlauku augsnés, kuras organiskas vielas
saturs bija 27-31 mg kg'. Veérojama tendence, ka abam S$kirném pie
N90 meéslojuma normas raza palielinajas, salidzinot ar N60 normu, bet talaka
N méslojuma normas palielinaSana graudu razu nepaaugstinaja.

Sakaribas starp graudu tehnologiskajam ipasibam

Korelativas sakaribas liecina, ka Skirnei ‘Bussard’ starp kopproteina
saturu un lipekla saturu bija butiska sakariba — rg = 0.927, savukart Skirnei
‘Zentos’ rz=10.966 (n = 12, ry o5 = 0.575, ryo; = 0.708). Starp kopproteina saturu
un cietes saturu novérota negativa korelacija — rg = —0.963, r; = —0.921. Starp
lipekla saturu un lipekla indeksu Skirnes ‘Zentos’ graudiem novérota cieSa
negativa sakariba (rz = —0.765), un ari $kirnes ‘Bussard’ graudiem tendence bija
lidziga — rg = -0.485. Pieaugot cietes saturam graudos, samazinajas
sedimentacijas vértiba (rg= —0.979, r,= —0.811). Udens uznems$anas sp&jai
konstatéta biitiska pozitiva korelacija (p<0.05) ar kopproteina un lipekla saturu
tikai Skirnes ‘Bussard’ graudiem (rg = 0.615), kaut gan §1 tendence novérota ari
Skirnei ‘Zentos’ (rz = 0.590). Ja graudos bija lielaks kopproteina un lipekla
saturs, pilngraudu milti sp&ja piesaistit vairak @idens. Sakaribu analize liecina,
ka miklas veidoSanas laiks ciesi korelgja (p<0.01) ar graudu kopproteina saturu,
sedimentacijas vertibu un lipekla saturu, un korelacijas koeficienti starp Siem
raditajiem Skirnei ‘Bussard’ bija no rg = 0.728 Iidz rg = 0.822, bet ‘Zentos’
Skirnei — no r; = 0.825 Iidz r; = 0.917. A1 starp miklas reologisko ipasibu
raditajiem konstatétas sakaribas. Miklas stabilitate pozitivi koreléja (p<0.05) ar
tidens uznemsanas sp&ju $kirnes ‘Bussard’ graudiem (rg = 0.581), un lidziga
tendence novérota ari Skirnei ‘Zentos’ (r, = 0.436). Paliclinoties miklas
veidoSanas laikam, miklas stabilitate pagarinajas (rg = 0.797, r; = 0.710;
p<0.01), bet miklas izpliistamiba samazinajas (rg = —0.606, r; = —0.761).
Korelativas sakaribas ietekm& ne tikai Skirnes genétiskas ipaSibas, bet ari
konkréta gada meteorologiskie apstakli, kuri sekmé vai ierobezo viena vai otra
kvalitativa raditaja uzkrasanos graudos un to attiecibas endosperma.
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Gada, slapekla méslojuma un $kirnes faktoru ietekmes ipatsvars uz
graudu tehnologiskajam ipasibam un raZu

Lai noskaidrotu, cik liela dala no pazimes vértibu varié$anas tris
pétijuma gados ir saistama ar faktoriem “Skirne”, “gada meteorologiskie
apstakli” (jeb “gads)”, “slapekla méslojums” un $o faktoru mijiedarbibu, péc
tris faktoru dispersijas analizes veikSanas noteica So faktoru ietekmes relativo
patsvaru (1), %) kopgja dispersija.

Skirnes ietekmes ipatsvars (n, %) uz analizéto tehnologisko ipasibu
mainibu bija no 1% lidz 56%. Skirne vairak ietekmgja graudu lipekla indeksu
(50%), tdens uznemsanas sp&ju (54%) un miklas izplistamibu (56%). Mazaka
ietekme Skirnei bija uz cietes saturu (3%) un tilpummasu (1%). Gads butiski
ietekmgja (p<0.05) visus graudu kvalitates raditajus. Lielaka gada ietekme bija
uz graudu tilpummasu (87%) un cietes saturu (84%). Gads nozimigi ietekméja
ar1 graudu kopproteina saturu (56%), sedimentacijas veértibu (53%) un lipekla
saturu (47%). Slapekla méslojuma ietekme uz graudu tehnologisko ipasibu
izmainam bija bitiska (p<0.05) — ta vari€ja no 0.1% (pilngraudu miltu tdens
uznemsSanas spgjai) 11dz 23% (1000 graudu masai). Slapekla méeslojums
ietekmgja lipekla satura izmainas par 17% un miklas veidoSanas laiku par 13%,
ka arT miklas stabilitati, kopproteina saturu un sedimentacijas vértibu par 9%,
savukart cietes saturu — par 8%. Konstatéta ari §kirnes x gada mijiedarbibas
ietekme uz kvie$u graudu tehnologisko Tpasibu mainibu. Salidzinosi lielaka §1
faktora ieteckme bija uz pilngraudu miltu Gdens uznemS$anas spéju (24%),
lipekla indeksu un kriSanas skaitli (10%). Gada x slapekla méslojuma
ietekme lielaka bija uz graudu lipekla indeksu — 15%, bet miklas veidoSanas
laiku 8is faktors ietekmgja par 6%. Novérota arT $kirnes x slapekla méslojuma
mijiedarbiba, kas miklas izpliistamibu ietekm&ja par 6%, bet miklas stabilitati
par 3%. Neliela ietekme uz graudu tehnologiskajam ipasibam konstatéta
$kirnes x slapekla méslojuma x gada mijiedarbibai, kas miklas izplistamibu
ietekméja par 7% un miklas stabilitati un kriSanas skaitli — par 4%.

Analizgjot abas Skirnes kopa, vairak graudu raZu ietekmgja Skirne
(34%) un gads (33%), mazaka ietekme bija gada x $kirnes mijiedarbibai (13%).
Salidzino$i maza ietekme uz graudu razu novérota slapekla méslojuma x gada
mijiedarbibai (4%), bet slapekla méslojumam bija vismazaka ietekme (3%).

Apstiprinajas tezes “Slapekla méslojums bitiski ietekmé graudu
fizikalos un Kimiskos kvalitates raditajus, bet gada meteorologisko
apstaklu un $kirnes ietekme ir lielaka” un “Pilngraudu miklas reologiskas
ipasibas ietekmé kvieSu augSanas laika lietotais slapekla méslojums, gada
meteorologiskie apstakli un Skirne”. Ziemas kvieSu graudu razu vairak
ietekmgja Skirne un gada meteorologiskie apstakli.
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Graudu tehnologisko Ipasibu izmainas graudu uzglabasanas laika

Graudu kvalitates kimisko raditaju izmainas graudu uzglabasanas laika
Kopproteina saturs, ziemas kvieSu graudus uzglab3djot vienu gadu,

skirnei ‘Bussard’ mainijas no +0.2 lidz +2.8 g kg™, bet 3kirnei ‘Zentos’ — no

+0.3 lidz +3.5 g kg™, bet §is izmaipas nebija statistiski butiskas (p>0.05)

(2. att.).
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2. att. Kopproteina satura (g kg') izmainas graudu uzglabasanas laika
atkariba no pétijjuma gada un slapekla méslojuma. /

Fig. 2. Crude protein (g kg™*) variations in grain storage time, affected by trial
year and nitrogen fertilizer.

Sedimentacijas vertiba ziemas kvieSu graudu uzglabasanas laika
bitiski samazinajas (p<0.05). Skirnes ‘Bussard’ graudiem péc 60 dienam
sedimentacijas vertiba samazinajas par 2-5 mL, p& 120 dienam ta bija jau
butiski par 3-10 mL zemaka, un p&c viena gada — par 5-13 mL zemaka, bet
Skirnei ‘Zentos’ — attiecigi par 1-3, 3-6 un 5-10 mL zemaka, salidzinot ar tikko
nokultiem graudiem noteikto sedimentacijas vertibu (3. att.).

Novérota tendence — ja kvieSu augSanas laika bija lietotas lielakas
slapekla méslojuma normas (N120 un N150), tad sedimentacijas vértiba
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samazinajas vairak: 9 mL $kirnes ‘Bussard’ graudiem un 7-8 mL S$kirnes
‘Zentos’ graudiem.
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3. att. Sedimentacijas vértibas (mL) izmainas graudu uzglabasanas laika
atkariba no gada un slapekla méslojuma. /
Fig. 3. Sedimentation value (mL) variations in grain storage time, affected by
trial year and nitrogen fertilizer norm.

Lipekla saturs jau 60 dienas péc graudu nokul$anas $kirnes ‘Bussard’
graudiem samazinajas par 3—-7 g kg™, bet ‘Zentos’ graudiem — par 2-5 g kg™
péc 120 dienam lipekla saturs samazinajas attiecigi par 15-17 g kg™ un
6-15 g kg (4. att.). Ziemas kvie$u graudus uzglabajot 360 dienas, lipekla
saturs $kirnei ‘Bussard’ samazinajas par 23-29 g kg™, bet ‘Zentos’ 8kirnei — par
17-24 g kg, salidzinot ar tikko nokultiem graudiem noteikto lipek]a saturu.
Graudu uzglabasanas laika tajos notiek biokimiski procesi: mainoties
olbaltumvielu strukttrai, samazinas lipekla daudzums un ari sedimentacijas

vertiba, Kaut ari kopproteina saturs palieck nemainigs (Mezei, Sios, Gyori,
2007).
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4. att. Lipekla satura (g kg') izmainas graudu uzglabasanas laika atkariba
No pétijuma gada un slapekla meslojuma. /
Fig. 4. Gluten content (g kg™) variations in grain storage time, affected by trial
year and nitrogen fertilizer.

Lipekla indekss graudu uzglabasanas laika batiski palielingjas
(p<0.05): 60 dienas péc graudu nokulsanas ‘Bussard’ Skirnei par 2—4 vienibam,
‘Zentos’ skirnei par 3—4 vienibam; pec 120 dienam — attiecigi par 5-8 un
6-8 vienibam, salidzinot ar tikko nokultiem graudiem noteikto lipekla indeksu
(5. att.). Graudus uzglabajot 360 dienas, skirnes ‘Bussard’ graudiem lipek]a
indekss palielindjas par 7-12 vienibam, bet ‘Zentos’ graudiem — par 6-10
vienibam, salidzinot ar tikko novaktiem graudiem noteikto lipekla indeksu.
KvieSu graudu uzglabasanas laika tika konstatéts, ka lipekla saturs ir
samazinajies, bet lipekla indekss ir palielinajies, jo starp Siem raditajiem pastav
negativa sakariba, ko apstiprina ari citi p&tijumi (Dabkevi¢ius, Cesevitiene,
Masauskiene, 2006). Uzglab3djot graudus no 120 Iidz 360 dienam, lipekla
indeksa vari€Sana vairs nebija biitiska.
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5. att. Lipekla indeksa izmainas graudu uzglabasanas laika atkariba no
pétijuma gada un slapekla méslojuma. /
Fig. 5. Gluten index variations in grain storage time, affected by trial year and
nitrogen fertilizer.

Krisanas skaitlis graudu uzglabasanas laika butiski (p<0.05)
palielinajas. Skirnes ‘Bussard’ graudiem, uzglabajot tos 60 dienas, krisanas
skaitlis palielingjas par 16-22 s, salidzinot ar tikko novaktiem graudiem
noteikto kriganas skaitli; péc 120 dienam tas palielinjas par 71-86 s, bet viena
gada laika — par 97-107 s (6. att.). Skirnes ‘Zentos’ graudiem novérota lidziga
tendence: uzglabajot kvieSus 60 dienas, kriSanas skaitlis palielinajas par
18-27 s, pec 120 dienam — par 40-55 s, bet pec 360 dienam — par 109-112 s,
salidzinot ar tikko nokultiem graudiem konstatéto krisanas skaitli. KriSanas
skaitlis paaugstinas, jo graudu uzglabaSanas laika graudapvalkos (perikarpa)
Samazinas o-amilazes aktivitate (Lunn, Kettlewell, Major et al., 2001).
M. M. Karaoglu ar Iidzautoriem uzsver, ka a-amilazes enzima samazinata
darbiba ir saistita ar cietes klisterizé$anos graudu uzglabasanas laika (Karaoglu,
Aydeniz, Kontanciar et al., 2010). Maizes cepSanai piemérotu kvieSu graudu
kriSanas skaitlim nav v€lams parsniegt 360 s (Belderok, 2000). P&c 360 dienu
uzglabasanas graudu krisanas skaitlis parsniedza 400 s; razo$ana $adus miltus
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var samaisit ar miltiem, kuru kriSanas skaitlis ir zemaks, tadgjadi ieglistot
optimalu raditaju.
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6. att. KriSanas skaitla (S) izmainas graudu uzglabasanas laika atkariba no
pétijuma gada un slapekla méslojuma. /
Fig. 6. Falling number (s) variations in grain storage time, affected by trial
year and nitrogen fertilizer.

Teze “Graudus uzglabajot vienu gadu, graudu kvalitates Kimiskie
raditaji butiski izmainas” apstiprinajas: lipekla saturs un sedimentacijas
vértiba bitiski samazinajas, bet lipekla indekss un kriSanas skaitlis batiski
palielinajas. Proteina satura izmainas netika konstatetas.

Miklas reologisko ipasibu izmainas graudu uzglabasanas laika

Udens uzpemsanas sp@ja Skirnes ‘Bussard’ pilngraudu miltiem,
graudus uzglabajot lidz 60 dienam, samazinajas par 2-9 g kg™, p&c 120 dienam
ta bija jau bitiski (p<0.05) par 2128 g kg™ zemaka un p&c viena gada par
37-46 g kg™ zemaka, bet Skirnei ‘Zentos’ — attiecigi par 8-11, 23-25 un par
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36-41 g kg™ zemaka, salidzinot ar tikko nokultu graudu miltiem noteikto tidens
uznems§anas spéju (7. att.).
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7. att. Pilngraudu miltu iidens uznemsanas spéjas (g kg™) izmainas graudu
uzglabasanas laika atkariba no pétijuma gada un slapekla méslojuma. /
Fig. 7. Wholemeal water absorption (g kg™*) variation in grain storage time,
affected by trial year and nitrogen fertilizer norm.

Lai arT péc 360 dienu ilgas graudu uzglabasanas pilngraudu milti,
veidojot no tiem miklu, piesaistija mazak tdens, tomér to Gidens uznemsanas
sp&ja bija salidzinosi augsta.

Ka mingts R. Koppelas un A. Ingveras (Koppel, Ingver, 2010) p&tijuma,
ja miltu @idens uzpems3anas sp&ja ir >580 g kg™, milti ir stipri un pieméroti
maizes cepSanai.

Miklas veidoS$anas laiks talit péc skirnes ‘Bussard’ graudu novaksSanas
pilngraudu miltiem bija 4.8 min, bet p&c viena gada graudu uzglabasanas tas
palielindjas (p<0.05) par 1.9 min un bija 6.7 min; skirnei ‘Zentos’ —
attiecigi 5.9 min un 7.4 min (palielinajas par 1.5 min) (8. att.). Pilngraudu miltu
miklas veidosanas laiks graudu uzglabasanas laika palielinajas, milti palika
stipraki un bija pieméroti maizes cepSanai.
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8. att. Pilngraudu miltu miklas veido$anas laika (min) izmainas graudu
uzglabasanas laika atkariba no pétijuma gada un slapekla méslojuma. /
Fig. 8. Wholemeal dough development time (min) variations in grain storage

time, affected by trial year and nitrogen fertilizer.

Miklas stabilitate palielingjas (p<0.05), graudus uzglabajot
no 60 Iidz 360 dienam (9. att.): Skirnes ‘Bussard’ pilngraudu miltu miklai vid&ji
par 2.1 min, bet ‘Zentos’ miltu miklai par 1.6 min. 2010. un 2011. gada tikko
nokultiem Skirnes ‘Bussard’ graudiem bija augstaka pilngraudu miltu miklas
stabilitate (10.0 min) un ta palielinajas vairak (360 dienu laika no 2.0 Iidz 3.1
min), salidzinot ar 2012. gada nokultajiem graudiem (gada laika par 1.2 min),
kuru pilngraudu miltu miklas stabilitate bija zemaka (7.1 min). Nov&rots: ja
pilngraudu miltu miklas stabilitate ir augstaka (pie N120 un N150 slapekla
méslojuma), tad pec 360 dienam ta palielinas vairak.
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9. att. Pilngraudu miltu miklas stabilitates (min) izmainas graudu
uzglabasanas laika atkariba no pétijjuma gada un slapekla méslojuma. /
Fig. 9. Wholemeal dough stability time (min) variations in grain storage time,
affected by year and nitrogen fertilizer.

Miklas izpluastamibas pakape, graudus uzglabajot 60-360 dienas,
pilngraudu miltiem butiski (p<0.05) palielinajas. Ja miklas izplistamibas
pakape neparsniedz 70 FU (farinografa vienibas), tad miklas miciSanas
kvalitate ir laba, bet, parsniedzot 110 FU, mikla ir vaja un labas kvalitates maizi
neizdosies izcept (Masauskiene, Cesevifiene, 2006). Salidzinot ar tikko
novaktiem graudiem, pilngraudu miltu izpliistamibas pakape skirnei ‘Bussard’
palielinajas no 29.8 lidz 37.1 FU, Skirnei ‘Zentos’ — attiecigi no 31.1 lidz
36.4 min (10. att).

Lai arT pilngraudu miltu izplastamiba $kirném ‘Bussard’ un ‘Zentos’,
uzglabajot graudus vienu gadu, butiski palielinajas, ta neparsniedza kritisko
veértibu, t. i., 110 FU. Tadgjadi, vert§jot péc miltu miklas izplistamibas, Skirnes
‘Bussard’ pilngraudu milti bija stipri, bet skirnes ‘Zentos’ milti — vidg&ji stipri.
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10. att. Ziemas kvies$u pilngraudu miltu miklas izplastamibas (FU)
izmainas graudu uzglaba$anas laika atkariba no pétijuma gada un
slapekla méslojuma. /

Fig. 10. Wholemeal dough degree of softening (FU) variations in grain storage
time, affected by trial year and nitrogen fertilizer.

Slédziens. Graudus uzglabajot vienu gadu, pilngraudu miltiem
samazinajas udens uznemS$anas sp&ja, palielindjas miklas veidoSanas laiks,
miklas stabilitate un miklas izpliistamibas pakape, salidzinot ar miltiem, kas
samalti no tikko novaktiem graudiem. Skirnes ‘Bussard’ pilngraudu milti bija
ar augstaku tdens uznemsanas sp€ju, zemaku miklas veidoSanas laiku, ilgaku
miklas stabilitati un zemaku miklas izplustamibu. Kopuma Skirnes ‘Bussard’
pilngraudu milti bija stipri, bet $kirnes ‘Zentos’ pilngraudu milti — vidgji stipri.

Apstiprinajas téze “Graudus uzglabajot vienu gadu, miklas
reologiskas ipasSibas ziemas kvieSu Skirném mainas, tomér milti ir
pieméroti pilngraudu miltu raZoSanai”.
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Sakaribas starp graudu tehnologiskajam ipasibam
graudu uzglabasanas laika

Graudus uzglabajot 360 dienas, Skirnei ‘Bussard’ kopproteina saturs
batiski (n = 12, roes = 0.575, rgp; = 0.708) pozitivi korelgja ar miltu Gidens
uzpemsSanas sp&ju: g = 0.668 (95% Iimeni). Starp pilngraudu miltu @idens
uzpemsanas sp&ju un lipekla saturu noverota pozitiva sakariba (p<0.05) Skirnei
‘Bussard” (rg = 0.590), bet Skirnei ‘Zentos’ novérota lidziga tendence
(rz = 0.479). Graudus uzglabajot vienu gadu, miklas veidoSanas laiks korelgja
ar kopproteTna saturu, sedimentacijas vertibu un lipekla saturu. Korelacijas
koeficienti §im sakaribam $kirnei ‘Bussard’ bija no rg = 0.637 (p<0.05) lidz
rg = 0.775 (p<0.01), bet ‘Zentos’ Skirnei — no r; = 0.812 lidz r; = 0.896
(p<0.01). Miklas stabilitatei noverota cieSa pozitiva (p<0.01) sakariba ar
kopproteina saturu, sedimentacijas vertibu un lipekla saturu, un to korelacijas
koeficienti bija no rg = 0.880 Iidz rg = 0.905 un no r; = 0.820 Iidz r, = 0.918. Ja
kopproteina saturs bija augstaks, mikla kluva stabilaka.

Negativas sakaribas noverotas starp kopproteina saturu graudos un
miklas izplastamibas pakapi: rg= —0.661, r; = —0.889 (n = 12, rye5 = 0.575,
froor = 0.708); ari miklas izplistamibas pakape negativi korelg§ja ar
sedimentacijas veértibu un lipekla saturu. Miklas stabilitate pozitivi korelgja
(p<0.01) ar tdens uzpemsanas sp&ju Skirnei ‘Bussard’ (rg = 0.754); Iidziga
tendence novérota ari $kirnei ‘Zentos’: ja milti sp&j uzpemt vairak tdens, tad
mikla ir stabilaka. Graudus uzglabajot lidz 360 dienam, palielinajas miklas
veidosanas laiks un mikla kluva stabilaka. Starp $Tm miklas reologiskajam
ipasibam noteikta pozitiva sakariba: rg = 0.668 (p<0.05), r; =0.834 (p<0.01).
Savukart, ja palielinajas miklas veidoSanas laiks, tad miklas izplastamiba
samazinajas (p<0.01): rg=-0.644, r; = -0.802.

Graudu uzglabasanas laika, $kirnes, gada meteorologisko apstaklu un
slapekla méslojuma faktoru ietekmes ipatsvars uz graudu tehnologiskajam
ipasibam

Lai noskaidrotu, cik liela dala no pazimes vértibu vari€Sanas tris
pétijuma gados ir saistama ar faktoriem “graudu uzglabasanas laiks”, “Skirne”,
“gada meteorologiskie apstakli” (“gads™), “slapekla meslojums” un $o faktoru
mijiedarbibu, p&c 4 faktoru dispersijas analizes veikSanas noteica $o faktoru
ietekmes relativo ipatsvaru (1, %) kopgja dispersija.

Graudu uzglabasanas laiks batiski (p<0.05) ietekmé&ja visas graudu
tehnologiskas Tpasibas. Lielaka ietekme graudu uzglaba$anas laikam bija uz

kriSanas skaitla (41%) (11. att.), miklas veidoSanas laika (37%) un miklas
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izplistamibas izmainam (46%). Mazaka ietekme graudu uzglabasanas laikam
bija uz miklas stabilitati (9%), lipekla indeksu (7%) un lipekla saturu (5%).

Miklas izplustamiba/ Dough softening
Miklas stabilitate/ Dough stability

Miklas veid. laiks/ Dough developm. time
Udens uzn. spgja/ Water absorption
Krisanas skaitlis/ Falling number

Lipekla indekss/ Gluten index

Lipekla saturs/ Gluten content

Sediment. vértiba/ Sediment. value

Kopproteina saturs/ Crude protein

0% 20% 40% 60% 80% 100%

= (A) Gads ®(B)N mesl.

¥ (C) Skirne (D) Graudu uzglab. laiks

= (Ax B)Gads x N mesl. " (AxD) Gads x graudu uzglab. laiks
(AxC) Gads x skirne (C x B) Skirne x N méslojums

11. att. Faktoru ietekmes ipatsvars (1, %) uz graudu tehnologiskajam
ipasibam to uzglabasanas laika. /
Fig. 11. Impact of factors’ influence (3, %) on grain technological properties in
grain storage time:
A —year; B — nitrogen fertilizer; C — cultivar; D — grain storage time.

Skirnei ka faktoram graudu uzglabasanas laika bija batiska (p<0.05)
ietekme uz visu tehnologisko Ipasibu mainibu, kas varigja no 16% lidz 54%.
Augstakais Skirnes ka faktora ietekmes ipatsvars bija fidens uznemsanas spgjai
(54%) un lipekla indeksam (44%), bet mazaks tas bija kriSanas skaitla mainibai
(16%). Vertgjot katra faktora relativo ietekmi uz tehnologisko Tpasibu mainibu,
konstatéts, ka gada ka faktora ietekmes Tpatsvars (5 %) uz analizéto pazimju
mainibu bija ievérojami augstaks par Skirnes, slapekla méslojuma un graudu
uzglabasanas laika ietekmi $adiem raditajiem: kopproteina saturam (55%),
sedimentacijas vertibai (46%), lipekla saturam (46%) un miklas stabilitatei
(46%). Slapekla méslojuma ka faktora ietekme bija butiska (p<0.05) visam
tehnologiskajam Tpasibam — lielaka ta bija uz miklas veidosanas laika (17%) un
lipekla satura (14%) izmainam, bet kopproteina saturu ta ietekmé&ja par 10%.
Nozimiga gada x Skirnes ietekme konstatéta arT uz tidens uznems$anas spgjas
(24%) un lipek]a indeksa (12%) izmainam.

Lai ari pargjas mijiedarbibas — graudu uzglabasanas laiks x gads,
§kirne x gads x slapekla méslojums, $kirne x graudu uzglabasanas laiks —
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parsvara butiski (p<0.05) ietekm&ja graudu tehnologiskas ipasibas, tacu $i
ietekme bija loti maza — no 0.01% lidz 3%.

Sledziens

Saja tris gadu praktiskas ievirzes pétijuma izmantotas divas ziemas
kviesu Skirnes: ‘Bussard’, kura bija ar augstaku graudu kvalitati, bet zemaku
graudu razas [imeni, un ‘Zentos’ — ar ierobezotu graudu kvalitati, bet augstaku
razu.

Tris gadu pétijuma rezultati liecina, ka pie N90 slapekla méslojuma
normas augu$iem graudiem sasniegta augstaka raza (Skirnei ‘Bussard’ —
5.96 t ha™, ‘Zentos” — 6.62 t ha™) un talaka N méslojuma normas palielina$ana
nav paaugstinajusi graudu razu.

Palielinot slapekla méslojuma normu, ziemas kvieSu graudu
tehnologiskas Tpasibas biitiski uzlabojas. Skirnes ‘Bussard’ graudiem noteikts
augstaks kopproteina saturs, lipekla saturs un sedimentacijas vertiba, salidzinot
ar ‘Zentos’ graudiem. Skirnes ‘Bussard’ graudu milti bija stipri, ar augstu
samaisiSanas vertibu ar vajakiem miltiem, bet Skirnes ‘Zentos’ graudu milti bija
vid&ji stipri un tos var€tu izmantot tieSai maizes cepSanai. Lai Sashiegtu
partikas kvieSiem atbilstoSu graudu kvalitati un iegitu kvalitativus
pilngraudu miltus, skirnei ‘Bussard’ nepiecieSams lietot slapekla méslojumu
120 kg ha™, bet ‘Zentos’ kirnei — 150 kg ha™.

Graudus uzglabajot vienu gadu, to kvalitate pasliktinajas. Kopproteina
saturs nemainijas, bet lipekla saturs un sedimentacijas vértiba samazingjas,
salidzinot ar Siem pasiem raditajiem tilit péc graudu nokul$anas.

Pilngraudu miltiem samazinajas tidens uznems$anas sp€ja, palielinajas
miklas veidoSanas laiks, miklas stabilitate un miklas izpliistamibas pakape,
salidzinot ar tikko novaktiem graudiem. Graudus ilgak uzglabajot, milti no tiem
kluva vajaki, tomér tie bija ar labam tehnologiskajam ipasibam un
pieméroti pilngraudu miltu raZoSanai.

SECINAJUMI

1. Ziemas kvieSsu 1000 graudu masa un tilpummasa batiski (p<0.05)
samazinajas Iidz ar slapekla mé&slojuma normas palielinaSanu. Lielaka
ietekme uz 1000 graudu masu bija gada meteorologiskajiem apstakliem,
mazaka bija slapekla meslojuma ietekme, bet So faktoru mijiedarbibas
ietekme bija 1paSi maza. Tilpummasu vairak ietekmé&a gada
meteorologiskie apstakli, bet pargjo faktoru ietekme bija maza.

2. Kopproteina saturs skirnes ‘Bussard’ graudiem ar slapek]a méslojuma
normu N120 sasniedza A+ kvalitates grupai izvirzitas prasibas, savukart
Skirnes ‘Zentos’ graudi pie N150 ietilpa A grupa. Kopproteina saturu
vairak ietekmgja gada meteorologiskie apstakli un $kirne, mazaka ietekme
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bija slapekla meslojumam, bet $o faktoru mijiedarbibas ietekme bija loti
maza. KvieSu graudu uzglabasanas laika kopproteina saturs butiski
nemainijas.

. P&c sedimentacijas vertibas raditaja skirnes ‘Bussard’ graudi bija
atbilstosi A+ kvalitates grupai ar slapekla meslojuma normu N60-N120,
bet Skirnes ‘Zentos’ graudi — tikai ar N150 méslojuma normu.
Sedimentacijas vertibu vairak iectekm&ja gada meteorologiskie apstakli un
Skirne, mazaka ietekme bija slapekla meslojumam un visu faktoru
mijiedarbibai. Graudus uzglabajot vienu gadu, abam $kirném
sedimentacijas vertiba butiski (p<0.05) samazinajas, Skirnes ‘Bussard’
graudi ieklavas A kvalitates grupa, bet Skirnes ‘Zentos’ graudi — tikai B
kvalitates grupa.

. Lipekla saturs Skirnes ‘Bussard’ graudiem bija atbilstoSs A+ kvalitates
grupai ar slapekla méslojuma normu N90-N150, bet $kirnes ‘Zentos’
graudiem ar N150 méslojuma normu tas ietilpa B grupa. Lipekla saturu
graudos vairak ietekmé&ja gada meteorologiskie apstakli un skirne, mazaka
ietekme bija slapekla meslojumam, bet So faktoru mijiedarbibai bija Ipasi
maza ietekme. Lipekla indekss abam $kirné€m bija atbilstoss I kvalitates
grupas graudiem. Lipekla indeksu vairak ietekmé&ja Skirne, mazaka bija
gada un mijiedarbibas “gads x N méslojums” ietekme, bet Tpasi maza bija
N méslojuma ietekme. Graudus uzglabajot vienu gadu, lipekla saturs
batiski (p<0.05) samazinajas, un tie ietilpa zemakas kvalitates grupa:
Skirnes ‘Bussard’ graudi — B grupa, bet ‘Zentos’ graudi — L grupa. Lipekla
indekss butiski paaugstinajas, bet abu skirnu graudiem palika I kvalitates
grupa.

. KriSanas skaitlis abam skirném pie visam N méslojuma normam bija
atbilsto§s A+ kvalitates graudu prasibam. KriSanas skaitlis vairak bija
atkarigs no gada meteorologiskajiem apstakliem un $kirnes, bet mazaka
ietekme bija mijiedarbibai “gads x $kirne”. Graudu uzglabasanas laiks par
41% ietekmgja krisanas skaitla izmainas, kas btiski (p<0.05) palielinajas
un bija atbilstoSs A+ partikas kvie$u prasibam.

. Pilngraudu miltu adens uznemsanas spéja abam $kirném bija augsta un
milti — stipri. Ja kvieSiem bija lietotas augstakas slapekla méslojuma
normas, pilngraudu miltu @idens uzpemsanas spé&ja palielinajas. Udens
uznemsSanas sp&ju pilngraudu miltiem visvairak ietekmégja $kirne, mazaka
ietekme bija mijiedarbibai “gads x Skirne”. Graudu uzglabasanas laika
tidens uznemsanas spé&ja pilngraudu miltiem bitiski (p<0.05) samazinajas,
bet milti palika stipri.

. Vertgjot péc pilngraudu miltu miklas veido$anas laika, abam Skirném
milti bija stipri. Lietojot augstakas slapekla méslojuma normas,
pilngraudu miltu miklas veidoSanas laiks bija ilgaks. Miklas veidoSanas
laiku visvairak ietekm&ja Skirne, mazaka ietekme bija gada
meteorologiskajiem apstakliem un slapekla méslojumam. Graudu
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10.

11.

uzglabasanas laiks par 37% ietekmé&ja miklas veidoSanas periodu, kur$
pagarinajas.

Péc pilngraudu miltu miklas stabilitates sSkirnes ‘Bussard’ milti bija
stipri, bet ‘Zentos’ milti — vidgji stipri. Palielinot slapekla méslojuma
normas, mikla kluva stabilaka. Pilngraudu miltu miklas stabilitati vairak
ietekm&ja gada meteorologiskie apstakli un $kirne, bet citu faktoru un to
mijiedarbibas ietekme bija mazaka. P&c viena gada milti kluva stipraki un
mikla stabilaka.

Pilngraudu miklas izpliastamibas pakape bija salidzino$i zema, $kirnes
‘Bussard’ milti bija stipri, bet ‘Zentos’ milti — vidg&ji stipri. Zemaka miklas
izplGstamiba bija pie augstakam slapek]a mé&slojuma normam. Pilngraudu
miltu izplistamibu vairak ietekm&ja Skirne, mazaka bija gada
meteorologisko apstaklu un $o faktoru mijiedarbibas ietekme. Graudu
uzglabasanas laiks pilngraudu miklas izpliistamibu ietekmgja par 46%, un
ta kluva ilgaka. Péc viena gada graudu uzglabasanas milti no Siem
graudiem kluva vajaki, tomér Skirném ‘Bussard’ un ‘Zentos’ péc
miltu iedalijuma tie attiecigi palika stipri un vidgji stipri un bija
pieméroti pilngraudu miltu raZoSanai.

Graudu kvalitates Kimiskie raditaji ir ciesi saistiti ar miklas reologiskajam
ipasibam. Miklas veidoSanas laiks un miklas stabilitate pozitivi korelgja ar
kopproteina saturu, sedimentacijas vértibu un lipekla saturu. Miklas
stabilitate pozitivi korelgja ar Gdens uzpemsanas sp&ju. Starp pilngraudu
miklas izplustamibu un kopprotetnu, ka ari lipekla saturu un
sedimentacijas veértibu novérota negativa sakariba. Miklas veidoSanas
laiks negativi korelgja ar miklas izpliistamibu.

Skirnei ‘Zentos’ bija vidgji par 0.58 t ha™ augstaka graudu raza, bet
zemaka graudu kvalitate, salidzinot ar Skirni ‘Bussard’. Ziemas kviesu
graudu razu vairak ietekm&ja Skirne un gads, neliela ietekme bija
mijiedarbibai “gads x $kirne”, bet slapekla méslojuma ietekme uz graudu
razas lielumu bija maza.
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INTRODUCTION

Geographically, Latvia is located in a favorable area for winter wheat
(Triticum aestivum L.) growing. Winter wheat in Latvia occupies a significant
part of the agricultural land. Grain harvesting of high quality winter wheat is a
topical problem in grain production. Flour from wheat grains is produced from
the main food products — bread, biscuits, breakfest flakes, macaroni, etc.

The quality of wheat grain is determined by a number of characteristics
characterizing technological properties that depend on the chemical
composition of the grain. The main quality indices are crude protein, gluten
content, sedimentation value, and falling number. The technological qualities of
winter wheat grains are influenced by agroecological factors, of which the most
important are annual meteorological conditions: air temperature, and moisture
provision.

Nitrogen fertilizer, which is one of the most dynamic elements of plant
nutrition, has a major impact on the quality of winter wheat grain. It is therefore
important to find out which nitrogen fertilizer rate can produce higher quality
wheat grains. Grain technological properties are also affected by the genetic
potential of the cultivar, which can vary in different meteorological conditions.

Growing consumer demands for healthier foods are increasingly
consuming whole-grain products that use wholemeal. They are healthier
because pericarps and germs are not separated from the grains, and they contain
both fat-soluble vitamin E and water-soluble vitamins B.

Therefore, wholemeal products have a higher biological value.
Consequently, there is a need to determine the rheological properties of
wholemeal — dough development time, dough stability time, degree of
softening — and to find out what factors affect them, because in the previous
studies in Latvia, they were not given enough attention.

After harvest, the grains are stored for milling for several months or
even years; therefore, it is necessary to evaluate whether their quality and the
rheological properties of wholemeal change during grain storage, because until
now, such questions have not been complexly studied in Latvia.

So far, the scientific literature lacks data on the ability of wheat
wholemeal to absorb water and on the changes in the rheological properties of
dough depending on cultivar, nitrogen fertilizer rate, year meteorological
conditions, and grain storage time.
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Hypothesis statement

The effect of nitrogen fertilizer rates, year meteorological conditions,
and grain storage period on the technological properties of grain varies between
different winter wheat cultivars.
Objective of the Doctoral Thesis

To evaluate the effect of nitrogen fertilizer rate, year meteorological
conditions, and grain storage period on the technological properties of two
winter wheat cultivars which differ by their potential yield and quality.

Terms of reference

1. To evaluate the technological properties of grain after harvest
depending on nitrogen fertilizer norm, year meteorological conditions,
grain storage period, and cultivar, as well as to determine the
interaction between grain technological properties.

2. To evaluate grain yield depending on nitrogen fertilizer rate, year
meteorological conditions, and cultivar.

3. To determine the impact and interaction of research factors on grain
technological properties and yield.

4. To explain the changes in grain technological properties during grain
storage period (after 60, 120, and 360 days), and to evaluate the
interaction between grain technological properties.

5. To determine the impact and interaction of research factors (grain
storage time, nitrogen fertilizer, year meteorological conditions, and
cultivar) on grain technological properties.

Theses to be defended

1. Nitrogen fertilizer significantly affects the physical and chemical
quality indices of winter wheat grain, but the impact of year
meteorological conditions and cultivar is greater.

2. The rheological properties of the wholemeal dough of different wheat

cultivars are different.

3. The rheological properties of wheat wholemeal dough are influenced
by the nitrogen fertilizer used during the growth of wheat, as well as
by the year meteorological conditions and cultivar.

4. The chemical quality indices of the grains stored for one year change
significantly.

5. The dough rheological properties of winter wheat grains stored for one
year change; however, the flour is suitable for the production of
wholemeal.

Scientific novelty of the Doctoral Thesis

1. For the first time in Latvia, a study of the chemical quality indices of
winter wheat cultivars was carried out depending on grain storage
period, different nitrogen fertilizer rates, and year meteorological
conditions.
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2. For the first time, the changes in the water absorption capacity of the
wholemeal of winter wheat cultivars and in the rheological properties
of dough (dough development time, dough stability, and degree of
dough softening) were evaluated depending on nitrogen fertilizer rates,
meteorological conditions, and grain storage period.

3. The impact factors of grain technological properties and their
interaction were evaluated.

Development of the Doctoral Thesis was co-financed within

1. the subsidy project “Determination of maximal fertiliser norms for
crops” (2009-2014) of the Ministry of Agriculture of the Republic of
Latvia, and

2. the national research program “Agricultural resources for sustainable
production of qualitative and healthy foods in Latvia” (AgroBioRes)
(2014-2017); project No. 1 “Sustainable use of soil resources and
abatement of fertilisation risks (SOIL)”.

The findings of the research have been reflected in 12 scientific
publications (five of them are included in the Scopus and/or Web of Science
data bases) in the English and Latvian languages, and in the abstracts of nine
conferences. The research findings have been presented in 10 international
conferences and in eight other scientific conferences, congresses and seminars.

MATERIALS AND METHODS

Methodology for setting up the trial

A field trial was carried out in the Study and Research farm “Peterlauki”
(56° 30.658” N and 23° 41.580” E) of the Latvia University of Agriculture
(LLU) during a three-year period: 2009/2010, 2010/2011, and 2011/2012.
Laboratory trials were conducted from August 2010 to August 2013. Soil at the
site was Endocalcaric Abruptic Luvisol (World Reference Base, 2014) silt
loam. The content of organic matter in the soil was 27-31 g kg*,
pH KCI 6.6-7.0, a medium phosphorus content available for plants, and a
medium exchangeable potassium content. In the trial, traditional soil treatment
that involves soil plowing was used. Winter wheat was sown (13 September
2009, 25 September 2010, and 12 September 2011) after black fallow, in four
replicates. The crop was sown at a rate of 450 germinating seeds per m” The
trial included two winter wheat varieties: ‘Bussard’ and ‘Zentos’ (Germany).
The fertilizer background was P,Os 70 kg ha™ and K,O 90 kg ha™. Nitrogen
was applied in spring after the resumption of vegetative growth. Nitrogen top-
dressing rates were as follows: N60, N90, N120, and N150. All the necessary
plant protection measures (herbicides, plant growth regulators, and fungicides)
were performed. Winter wheat was harvested at the optimal time — at the

31



beginning of August: on 4 August in 2010, on 5 August in 2011, and on
3 August in 2012. The yield obtained was recalculated in tons per hectare, at a
standard volume of the 14% and 100% purity. The average sample was taken
from each repeat according to the standard LVS 270. The grains were stored
under varying conditions. The grains were taken for analysis immediately after
they were removed, storing them for 60, 120, and 360 days.

Description of weather conditions

The duration of winter wheat growth from spring after the resumption of
vegetative growth to harvesting was different in the trial years: in 2010 and
2011 — 126 and 121 days, respectively; in 2012 — 111 days (because that year,
the vegetation period began later — on April 15) (Table 1). Precipitation in grain
filling period in July, which is most decisive for grain quality formation, was
298, 179, and 197 mm in 2010, 2011, and 2012, respectively, which
significantly exceeded the long-term average (81.7 mm). The sum of active
temperatures (above +5 °C) in the winter wheat vegetation period in 2010 and
2011 was 1777 and 1769 °C, respectively, while the year 2012 was cooler with
a lower active temperature — 1561 °C. To evaluate the conditions of dampness
of the area, the Seljanin’s hydrothermal coefficient (HTC) was used, which
shows the relationship between the amount of precipitation and the air
temperature (above +10 °C) in the vegetation period. In the vegetation period
of 2010 and 2012, excessive moisture was observed, and HTC was 2.79 and
2.65, respectively. In 2011, HTC was 1.92, which indicates a sufficient amount
of moisture.

Overall, the 2009/2010 season was rainy, which did not contribute to
high wheat grain yields; however, the summers were warm, and there were a lot
of sunny days in July and the grains were of good quality. Assessing the
2010/2011 season, it can be concluded that wheat suffered from the lack of
moisture during stem elongation and heading of wheat, but in July, when wheat
grains matured, the weather was rainy; however, the rainy days were
interrupted by sunny and very warm weather, therefore the quality of grains
was good that year. However, the 2011/2012 season was colder than the
previous years. The period from the resumption of vegetative growth to the
harvesting of grain in 2012 was 9-15 days shorter than in the previous
investigation years. The abundance of rainfall considerably influenced the
process of grain formation: the influence was positive on grain yield but
negative on grain quality.

Statistical analysis

Experimental data evaluation was done using two-factor, three-factor,
and four-factor analysis of variance, Fisher’s criterion (p<0.05), and least
significant difference (LSDggs); the influence of impact factors (n, %) was
determined. The correlation and regression analysis between technological
properties was also carried out. Differences in the technological properties
between both winter wheat cultivars were determined by t-test.
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Methods of analysis

Technological properties — 1000 kernel weight (LVS EN ISO 520),
volume weight (LVS 275), gluten content and index (LVS 275), sedimentation
value (LVS ISO 5529), and falling number (LVS EN ISO 3093: 2007) — were
determined in the Grain and Seed Research Laboratory of LLU. Grain crude
protein content was determined by Kjeldahl method (LVS 277) (calculated by
multiplying the total nitrogen content by factor 5.7), and starch content — by
LVS EN ISO 10520 in the Scientific Laboratory of Agronomic Analysis of
LLU. Quality indices were evaluated according to the specifications indicated
in Table 2.

The rheological properties (Fig. 1) of wheat wholemeal dough — water
absorption, dough development time, dough stability time, degree of softening
— were determined (ICC 115/1) in the Laboratory of Food Analysis of the
Faculty of Food Technology, LLU. Dough rheological properties were
evaluated according to the breakdown of flour presented in Table 3: weak,
medium strong, strong, and extra strong.

RESULTS

Influence of year meteorological conditions and nitrogen fertilizer on
winter wheat grain technological properties and yield

Grain physical indices

On average in the three investigation years, using different nitrogen
fertilizer rates, the 1000 kernel weight of winter wheat cultivar ‘Zentos’ was
43.6 g, while for the ‘Bussard’ grains — 43.4 g, and the coefficient of variation
was 5% and 4%, respectively (Table 4). The grain volume weight of the
‘Zentos’ cultivar was 795.8 g L, while that of the ‘Bussard’ cultivar was
791.7 g L™, indicating that the grains were in accordance with the A+ quality
group (Table 4). The average results of 1000 kernel weight and volume weight
between cultivars ‘Bussard’ and ‘Zentos’ did not differ significantly (p>0.05).
Grain quality chemical indices

Crude protein content. The average data of the three-year
investigations suggest that the grain crude protein content of winter wheat
cultivar ‘Bussard’ was 143 g kg™ (V = 10%), which is 21 g kg™ higher
compared to cultivar ‘Zentos’ (123 g kg?, V = 14%) (Table 4). The crude
protein content of ‘Bussard’ grains reached the food grain (bread baking)
requirements already at the fertilizer rate of N60 (139.2 g kg), but for the
cultivar Zentos’ — only at the N120 rate (127.5 g kg™) (Fig. 2).

Sedimentation value of cultivar ‘Bussard’ was 55.9 mL, which was
13.3 mL higher, with a lower coefficient of variation (V = 18%) compared to
cultivar ‘Zentos’ (42.6 mL, V = 23%). Significantly (p<0.05) lower values of
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crude protein content and sedimentation value were detected in winter wheat
grains obtained in 2012, as unfavorable meteorological conditions — low
average air temperature (12.7 °C in the vegetation period) and high rainfall
(496 mm in the growing season) — did not promote the accumulation of crude
protein. It was found that for ‘Bussard’ grains, sedimentation value agreed with
the A+ quality group (53.5 mL) requirements already at the N60 fertilizer rate
for ‘Zentos’ cultivar grains, and sedimentation value agreed with A quality
group at all nitrogen fertilizer rates (Table 4, Fig. 3).

Gluten content and gluten index. The grain of cultivar ‘Bussard’ was
characterised by a statistically significant (p<0.05) wet gluten content
(284 g kg™) — higher by 48 g kg™ compared to ‘Zentos’ grain (236 g kg™)
(Table 4). The variation sequence of wet gluten was, respectively, V = 12% for
‘Bussard’ grain and V = 15% for ‘Zentos’ grain. In 2010 and 2011, wet gluten
content of ‘Bussard’ grain exceeded 300 g kg™, which corresponded to A+
group, while ‘Zentos’ grain corresponded to the A and B quality groups.
A lower gluten content in both grain cultivars was produced in 2012, when
relatively lower temperatures (16.7 °C) were observed in 51-91 growth stages,
compared to the years 2010 and 2011. In 2012, gluten content was lower in
cultivar ‘Zentos’, which grains did not correspond to food grain quality
(197 g kg™, while the cultivar ‘Bussard’ grains were consistent with B quality
group (243 g kg™) (Fig. 4).

The average data of three investigation years show that the grain gluten
index of winter wheat cultivar ‘Bussard” was 80, which is 17 units higher
(p<0.05) with a lower coefficient of variation V = 10% compared to cultivar
‘Zentos’ (gluten index — 63, V = 14%) (Table 4, Fig. 5). In cultivar ‘Bussard’,
grain gluten index ranged from 74 to 84 and corresponded to the quality group |
throughout all investigation years. Also, in 2011 and 2012, the grains of
‘Zentos’ cultivar were assessed as quality group | (63 and 72, respectively),
while in 2010, gluten index was 55 and ‘Zentos’ grains were assessed as the
quality group Il grains.

Starch content. The average results of starch content between cultivars
‘Bussard’ (674 g kg™) and ‘Zentos’ (680 g kg™) did not differ significantly
(p>0.05). A markedly higher starch content was in the winter wheat obtained in
2012: 696 g kg™ in ‘Bussard’, and 700 g kg™ in ‘Zentos’ (Table 4). Starch
content in grain remarkably (p<0.05) decreased after increasing the nitrogen
fertilizer norm.

Falling number. During the investigation period, wheat ‘Zentos’ grain
was characterised by a higher falling number (395 s) compared to ‘Bussard’
grain (346 s). The coefficient of variation of the trait was stable for ‘Zentos’ —
12%, while for ‘Bussard’ — 19%. The falling number of the grain of both
cultivars considerably exceeded the processing requirements for the food grains
of A+ group (280 s).
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Wholemeal dough rheological properties

Water absorption. Cultivar ‘Bussard’ wholemeal had a significantly
(p<0.05) higher (by 34 g kg™) water absorption capacity (721 g kg™*) compared
to ‘Zentos’ wholemeal (687 g kg®). When nitrogen fertilizer norms were
increased, wholemeal water absorption capacity significantly (p<0.05)
increased. With N60 ferlizer norm, wholemeal could attract 707 g kg™
(‘Bussard’) and 677 g kg™ (‘Zentos’) of water (Fig. 7), while with N120 and
N150 fertilizer rates, ‘Bussard’ wholemeal water absorption was
727-732 g kg™ and that of ‘Zentos’ — 690-706 g kg™. The results demonstrate
that the wholemeal of both cultivars was strong.

Dough development time. Cultivar ‘Zentos’ wholemeal flour had a
significantly (p<0.05) higher dough development time (on average 5.9 min)
with a lower coefficient of variation (12%) compared to the cultivar ‘Bussard’
wholemeal (on average 4.8 min, V = 15%) (Fig. 8). The wholemeal from both
cultivars was strong.

Dough stability. The average data of three investigation years suggest
that the cultivar ‘Bussard” wholemeal dough stability was 9.0 min, which was
2.3 min higher (p<0.05) with a lower coefficient of variation (V = 21%)
compared to cultivar ‘Zentos’ indices (dough stability — 6.8 min; V = 24%).
With higher nitrogen ferlizer rates (N120 and N150), wholemeal dough
stability was longer: from 9.3 to 10.4 min for cultivar ‘Bussard” and from 7.1 to
6.9 min for ‘Zentos’ (Fig. 9). The wholemeal from cultivar ‘Bussard’ was
strong, and that of ‘Zentos” — medium strong.

Dough degree of softening. The average data of three-year
investigations suggest that the wholemeal dough degree of softening for
cultivar ‘Bussard’ was 23.8 FU (V = 30%), which was significantly (p<0.05)
19.2 FU lower compared to cultivar ‘Zentos’ (43.0 FU, V = 24%) (Table 4). If
nitrogen ferlizer norms were increased (N120 and N150), the wholemeal dough
degree of softening for cultivar ‘Zentos’ decreased: 50.0 FU at the application
of N60, and 40.1 FU and 37.4 FU at the application of N120 and N150,
recpectively. For ‘Bussard’ cultivar, the degree of dough softening at different
N fertilizer norms varied less: from 21.2 FU to 26.8 FU (Fig. 10). The degree of
wholemeal dough softening for both cultivars was relatively low, which shows
that the flour was strong.

The thesis “The rheological properties of the wholemeal dough of
different cultivars are different” was proved.

Grain yield

The average data of the three-year investigations show that the grain
yield of winter wheat cultivar ‘Zentos’ was 6.54 t ha™*, which was 0.58 t ha™ or
10% higher (with a lower coefficient of variation — V = 4%) than that of
cultivar ‘Bussard’ (average yield — 5.91 t ha'; V = 9%) (Table 4). The
influence of weather conditions on grain yield was significant (p<0.05) for both
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wheat cultivars. Nitrogen fertilizer did not significantly (p>0.05) affect the
grain yield of winter wheat in the three investigation years. This can be
explained by the fact that the investigation was carried out on the highly fertile
Peterlauki soils with the organic content of 27-31 mg kg™. There was a
tendency of grain yield increase when applying N90 fertilizer compared to
N60; however, further use of increasing N fertilizer rates did not give a
significant grain yield increase.

Correlation between grain technological properties

A significant correlation was detected between grain crude protein
content and gluten content: rg = 0.927 for cultivar ‘Bussard’, and r; = 0.966 for
‘Zentos’ (n = 12, rg o5 = 0.575, g1 = 0.708). A significant negative correlation
was found between crude protein content and starch content: rg= —0.963, and
r,= -0.921. A close significant negative correlation was noted between gluten
content and gluten index for cultivar ‘Zentos’ (rz= —0.765), and the trend for
‘Bussard’ grains was similar (rg= —0.485). With the increase in grain starch
content, sedimentation value decreased (rg= —0.979, r;= -0.811).

Water absorption capacity had a significant positive correlation (p<0.05)
with crude protein content and gluten content only for cultivar ‘Bussard’ grain
(rs = 0.615); however, this trend was observed also for ‘Zentos’ grain
(rz=0.590). If grains had a higher crude protein and gluten content, the whole-
wheat flour could attract more water. The study revealed a significant
correlation (p<0.01) between dough development time and grain crude protein
content, sedimentation value and gluten content. The correlation coefficients
between these indices for cultivar ‘Bussard’ were from rg = 0.728 to rg = 0.822,
while for ‘Zentos’ — fromr,=0.825 to r; = 0.917.

Correlations were found also between the rheological properties of
dough. A significant positive correlation was noted between dough stability
time and water absorption for cultivar ‘Bussard’ grain (rg = 0.581), and a
similar tendency was observed also for ‘Zentos’ grain (r, = 0.436). With the
increase in dough development time, the dough stability time increased
(rg = 0.797, r, = 0.710) (p<0.01)), but the dough degree of softening decreased
(re=-0.606, r;=-0.761).

The correlative relationships are influenced not only by the genetic
characteristics of the cultivar but also by the weather conditions of a definite
year, which either promote or restrict the accumulation of certain qualitative
indices in grains, as well as their relationship in the endosperm.
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Impact factors of year, nitrogen fertilizer and cultivar on the technological
properties of grains and yield

In order to find out how much the variation of traits during the three-
year period was related to the influence of factors “cultivar”, “year
meteorological conditions” (or “year”), and “nitrogen fertilizer” and their
interaction, the relative proportion (after three-factor analysis of variance) of
these factors (1, %) in total variance was determined.

The impact factor of the cultivar (g, %) on the variability of analyzed
technological indices was from 1% to 56%. The highest impact of the cultivar
was found in the variation of gluten index (50%), water absorption (54%), and
dough degree of softening (56%). The lowest impact of this factor was found in
the variation of starch content (3%) and volume weight (1%). The year had a
significant effect (p<0.05) on all grain technological properties. The highest
influence of year was found on grain volume weight (87%) and starch content
(84%). The year as a factor significantly influenced also the grain crude protein
content (56%), sedimentation value (53%) and gluten content (47%).

Nitrogen fertilizer as an impact factor was significant (p<0.05) for all
grain technological properties, varying from 0.1% (wholemeal water
absorption) to 23% (1000 kernel weight). Nitrogen fertilizers influenced the
changes in gluten content by 17%, dough development time by 13%, dough
stability, crude protein content and sedimentation value by 9%, and starch
content by 8%.

The influence of “cultivar x year” interaction on wheat grain
technological variability was also found. A relatively greater impact of this
factor was on wholemeal water absorption (24%), gluten index and falling
number (10%). The highest influence of the ‘“year x nitrogen fertilizer”
interaction was found on the grain gluten index (15%), but the dough
development time was affected by 6%. Also an interaction of
“cultivar x nitrogen fertilizer” was detected: a 6% impact on the dough degree
of softening, and a 3% impact on dough stability.

A slight effect on the technological properties of grains was found in the
interaction of “cultivar x nitrogen fertilizer x year”, which affected the dough
degree of softening by 7%, and dough stability time and falling number by 4%.

The analysis of both varieties together showed that grain yield was
mostly influenced by cultivar (34%) and year (33%), but the “year x cultivar”
interaction had less impact (13%). A comparatively small effect on grain yield
was observed in the interaction of “nitrogen fertilizer x year” (4%), but
nitrogen fertilizer had the smallest impact (3%).

The theses ""Nitrogen fertilizer significantly affects winter wheat
grain physical and chemical quality indices, but the impact of year
meteorological conditions and cultivar is greater’ and ""The rheological
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properties of wholemeal dough influence the nitrogen fertilizer used
during the growth of wheat, the year meteorological conditions, and the
cultivar' were proved. The yield of winter wheat grain was more influenced
by the cultivar and the year meteorological conditions.

Changes in grain technological properties during grain storage period

Changes in grain quality chemical indices during grain storage period

Crude protein content. When winter wheat grains were stored for one
year, the crude protein content varied from +0.2 to +2.8 g kg™ in cultivar
‘Bussard’ grains and from +0.3 to 3.5 g kg™ in cultivar ‘Zentos’ grains;
however, the variations were not statistically significant (p>0.05) (Fig. 2).

Sedimentation value. In grain storage time, sedimentation value
significantly (p<0.05) decreased: for cultivar ‘Bussard’ grains after 60 days of
storage — by 2-5 mL, after 120 days — by 3-10 mL, and after a year’s storage —
by 5-13 mL compared to immediately threshed grain; for cultivar ‘Zentos’
grains, sedimentation value fell by 1-3 mL, 3-6 mL, and 5-10 mL,
respectively, compared to immediately threshed grain (Fig. 3).

A tendency was observed that the application of higher nitrogen
fertilizer rates (N120 and N150) during the growth of wheat decreased the
sedimentation value more markedly: by 9 mL for ‘Bussard’ grains and by
7-8 mL for ‘Zentos’ grains.

Gluten content. Gluten content in cultivar ‘Bussard’ grains after 60-day
storage decreased by 3-7 g kg™ and in ‘Zentos’ grains — by 2-5 g kg™; after
120 days — by 15-17 and 6-15 g kg™, respectively; after 360-day storage — by
23-29 and 17-24 g kg, respectively, compared to the initial values of gluten
content in immediately threshed grain (Fig. 4).

During grain storage, grains undergo several biochemical processes, and
changes in protein structure decrease both the gluten content and sedimentation
value, whereas protein content remains unchanged (Mezei, Sios, Gyori, 2007).

Gluten index. During grain storage, gluten index significantly increased
(p<0.05): after 60-day storage — by 2—4 units for cultivar ‘Bussard’ grains and
by 3-4 units for ‘Zentos’ grains; after 120 days — by 5-8 and 6-8 units,
respectively; after 360 days — by 7-12 and 6-10 units, respectively, compared
to the initial values of gluten index in fully mature grain (Fig. 5).

Our findings suggest that during storage period, wet gluten content in
grain decreased and gluten index increased because there is a negative
correlation between these indices, which agrees also with the results of other
investigations (Dabkevicius, CeseviCiene, Masauskiene, 2006). When grains
were stored from 120 to 360 days, variations in gluten index were insignificant.

Falling number. During grain storage time, the falling number
significantly (p<0.05) increased (Fig. 6). Average data show that the falling
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number for cultivar ‘Bussard’ grains stored for 60 days was 16-22 s higher
compared to freshly harvested grain, for 120 days stored grains — 71-86 s
higher, for 360 days stored grains — 97-101 s higher. For ‘Zentos’ grains, a
similar tendency was observed: after 60-day storage, falling number increased
by 18-27 s, after 120-day storage — by 40-55 s, and after one-year storage — by
109-112 s compared to the values of freshly harvested grain. As indicated in
the literature, the reason for the increase in the falling number could be
reduction in the a-amylase activity in pericarp, which occurs during storage
(Lunn, Kettlewell, Major et al., 2001). M. M. Karaogly with co-authors (2010)
reported that the increase in the falling number may be attributed to the
degradation of amylase enzyme and the variation of starch gelatinization
properties during storage period (Karaoglu, Aydeniz, Kontanciar et al., 2010).
It is not desirable that the wheat falling number suitable for breadmaking
exceeds 360 s (Belderok, 2000). In our research, after 360 days of grain
storage, the falling number exceeded 400 s; in production, such flour can be
mixed with the flour that has a lower falling number, thus obtaining an optimal
indice.

The thesis “In the grain stored for one year, chemical quality indices
change significantly” was proved: gluten content and sedimentation value
significantly decreased, whereas gluten index and falling number significantly
increased. No changes were detected in protein content.

Changes in wholemeal dough rheological properties in grain storage time

Water absorption of cultivar ‘Bussard’ wholemeal decreased by
2-9 g kg™ after 60-day grain storage, and that of cultivar ‘Zentos’ wholemeal —
by 8-11 g kg™; after 120-day storage, water absorption was significantly
(p<0.05) lower — by 21-28 g kg™ and 23-25 g kg™, respectively; after
360 days, water absorption decreased by 37-46 g kg™ for cultivar ‘Bussard’
wholemeal and by 36-41 g kg™ for cultivar ‘Zentos’ wholemeal compared to
the water absorption of wholemeal from immediately threshed grains (Fig. 5).
After storing grain for 360 days, the wholemeal for dough making attracted less
water; however, its water absorption was comparatively high. According to
Koppel and Ingver (2010), if water absorption is >580 g kg™, the wholemeal is
strong and appropriate for yeast bread baking.

Dough development time. Immediately after grain harvest, the cultivar
‘Bussard’ wholemeal dough development time was 4.8 min, but after one year
of grain storage, it increased (p<0.05) by 1.9 min and was 6.7 min; for cultivar
‘Zentos’, the same indices were 5.9 min and 7.4 min (a 1.5-min increase),
respectively (Fig. 8). During grain storage time, the wholemeal dough
development time increased and wholemeal became stronger and appropriate
for bread baking.

Dough stability. During the grain storage time (from 60 to 360 days),
dough stability significantly (p<0.05) increased (Fig. 9): for cultivar ‘Bussard’
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wholemeal dough — on average by 2.1 min, and for cultivar ‘Zentos’ — by
1.6 min. In 2010 and 2011, immediately threshed grains had a higher
wholemeal dough stability (10.0 min), which had increased comparatively more
(in 360 days — from 2.0 to 3.1 min) compared to the year 2012, when
wholemeal dough stability was lower (7.1 min), i. e., it had increased only by
1.2 min in a one-year grain storage period. The research suggests that when
wholemeal dough stability is higher (at the N120 and N150 fertilizer norms),
after 360-day storage it increases more.

Dough degree of softening. During grain storage time (from 60 to 360
days), the wholemeal dough degree of softening significantly (p<0.05)
increased (Fig. 10). If the degree of dough softening does not exceed 70 FU, the
quality of kneading is good, but if the degree of softening is greater than
110 FU, the dough is weak and good quality bread cannot be baked
(Masauskiene, Ceseviciene, 2006). Compared to freshly harvested grains, the
degree of wholemeal dough softening increased: from 29.8 to 37.1 FU for
cultivar ‘Bussard’, and from 31.1 to 36.4 FU for cultivar ‘Zentos’ (Fig. 10).

Although the wholemeal dough degree of softening significantly
increased for both cultivars ‘Bussard’ and ‘Zentos’ when grains were stored for
one year, it did not exceed the critical value of 110 FU. Thus, according to the
degree of wholemeal dough softening, it can be concluded that the wholemeal
of ‘Bussard’ cultivar was strong, but that of ‘Zentos’ — medium strong.
Conclusion

In grains stored for one year, wholemeal water absorption decreased and
dough development time, dough stability and the degree of dough softening
increased compared to the wholemeal flour grinded from freshly harvested
grains. The wholemeal of cultivar ‘Bussard’ had higher water absorption, lower
dough development time, longer dough stability time, and lower dough
softening degree. In general, ‘Bussard’ wholemeal was strong, but ‘Zentos’
wholemeal was medium strong.

The thesis “The dough rheological properties of winter wheat grains
stored for one year change, but the flour is suitable for the production of
wholemeal” was proved.

Correlation between grain technological properties
in grain storage period

During 360 days of grain storage, the crude protein content in cultivar
‘Bussard’ grains significantly (n = 12, ryos = 0.575, roo; = 0.708) positively
correlated with the wholemeal water absorption capacity — rg = 0.668 (at the
level of 95%). A positive correlation was found between the wholemeal water
absorption and gluten content (p<0.05) for the ‘Bussard’ cultivar (rg = 0.590),
and a similar tendency was observed also for cultivar ‘Zentos’ (rz = 0.479).
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During one-year grain storage, the dough developmet time correlated
with crude protein content, sedimentation value and gluten content, and
correlation coefficients for these relationships for cultivar ‘Bussard’ ranged
from rg = 0.637 (p<0.05) to rg = 0.775 (p<0.01), but for cultivar ‘Zentos’ —
fromr; = 0.812 to r; = 0.896 (p<0.01). Dough stability showed a close positive
correlation (p<0.01) with crude protein content, sedimentation value and gluten
content, and their correlation coefficients varied from rg = 0.880 to rg = 0.905
and from r; = 0.820 to r; = 0.918. The results suggest that with the increase in
crude protein content, also dough stability increases.

Negative correlations were observed between crude protein content and
degree of softening: rg = -0.661, r; = -0.889 (n = 12, ryes = 0.575,
roor = 0.708). Also, the degree of softening negatively correlated with
sedimentation value and gluten content. Dough stability positively correlated
(p<0.01) with water absorption capacity for ‘Bussard’ (rg = 0.754). A similar
tendency was observed also for cultivar ‘Zentos’: if wholemeal could absorb
more water, dough stability value was greater. When grains were stored for 360
days, both dough development time and dough stability increased, and a
positive correlation was detected between these rheological properties:
re = 0.668 (p<0.05), r; = 0.834 (p<0.01); whereas increase in dough
development time decresed the degree of dough softening (p<0.01):
rg = -0.644, r, = -0.802.

Impact of cultivar, meteorological conditions and nitrogen fertilizer on the
technological properties of grain during grain storage time

To ascertain how much the variation of traits during the three-year
investigation period was related to the influence of factors “grain storage time”,
“cultivar”, “year meteorological conditions” (or “year”), and ‘nitrogen
fertilizer” and their interaction, the relative proportion (after four-factor
analysis of variance) of these factors (1, %) in total variance was determined.

Grain storage time significantly (p<0.05) influenced all technological
properties (Fig. 11). Grain storage time produced the greatest effect on the
changes in falling number (41%), dough development time (37%), and degree
of softening (46%); less impact was detected on dough stability (9%), gluten
index (7%), and gluten content (5%).

The cultivar as a factor during grain storage time had a significant
(p<0.05) effect on the variations in all technological properties — from 16% to
54%. The highest impact of this factor was found in the variations in water
absorption (54%) and gluten index (44%), but the least impact was detected on
the variations in falling number (16%).

Assessing the relative contribution of each factor to the variations in
technological properties, it was found that the effect of year (y, %) was
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significantly higher than that of the cultivar, nitrogen fertilizers and grain
storage time on the following properties: crude protein content (55%),
sedimentation value (46%), gluten content (46%), and dough stability (46%).

The effect of nitrogen fertilizer as a factor was significant (p<0.05) for
all grain technological properties — it was higher for the variations in dough
development time (17%) and gluten content (14%), but the crude protein
content was affected less — by 10%. Significant effects of the “year x cultivar”
interactions were found on the variations in water absorption (24%) and gluten
index (12%).

Although the other interactions — “grain storage time x year”, “cultivar x
year X nitrogen fertilizer”, and “cultivar x grain storage time” — had mostly
significantly (p<0.05) influenced the technological properties of grain, this
effect was very small — from 0.01% to 3%.

Conclusion

In the three-year practical trial, two winter wheat cultivars were used:
‘Bussard’, which had a comparatively higher grain quality and a lower grain
yield, and ‘Zentos’, which had a limited grain quality and a higher yield.

The research results show that the application of N90 fertilizer norm
gave higher grain yields: cultivar ‘Bussard’ —5.96 t ha™, and cultivar ‘Zentos’ —
6.62 t ha™. The investigations suggest that further increase in nitrogen fertilizer
rates did not increase the grain yield.

By increasing the nitrogen fertilizer rate, the grain technological
properties of both winter wheat cultivars improved significantly. The ‘Bussard’
cultivar grains had higher values of crude protein content, gluten content and
sedimentation value than those of ‘Zentos’ grains. The cultivar ‘Bussard’
wholemeal was strong, with a high mixing value with weaker flour, but
‘Zentos’ wholemeal was medium strong and could be used for direct bread
baking.

In order to achieve the grain quality suitable for food wheat and obtain
high-quality wholemeal, 120 kg ha™ of nitrogen fertilizer should be used for
cultivar ‘Bussard’, and 150 kg ha™ — for ‘Zentos’. The quality of grain stored
for one year decreased. Crude protein content did not change, but the gluten
content and sedimentation value decreased compared to the indices of grain
immediately after harvest. In wholemeal flour, water absorption capacity
decreased and dough development time, dough stability and degree of softening
increased compared to freshly harvested grain. With the increase in grain
storage, the wholemeal became weaker but with acceptable technological
properties and suitable for the production of wholemeal.

42



CONCLUSIONS

The 1000 kernel weight and the volume weight of winter wheat grains
significantly decreased (p<0.05) with increasing nitrogen fertilizer norms.
The impact of meteorological conditions on 1000 kernel weight was
greater than that of nitrogen fertilizer rates, but the interaction of these
factors was very small. The volume weight was more influenced by the
meteorological conditions of year, but the impact of other factors was
small.

. The crude protein content of cultivar ‘Bussard’ grains complied with the
requirements of A+ quality group at the application of N120 fertilizer
norm, while that of cultivar ‘Zentos’ was included in A quality group at
the fertilizer norm of N150. The crude protein content was more
influenced by the year meteorological conditions and cultivar, but
nitrogen fertilizer had less effect; the interaction of these factors was very
small. During the storage of wheat grain, crude protein content did not
change significantly.

. According to sedimentation value, ‘Bussard’ grains were in compliance
with A+ quality group at nitrogen fertilizer rates N60 to N120, but
‘Zentos’ cultivar grains — only at N150 rate. Sedimentation value was
influenced more by the meteorological conditions and cultivar, whereas
nitrogen fertilizer and the interaction of all factors had less effect. One-
year grain storage significantly (p<0.05) decreased the sedimentation
value for both cultivars: ‘Bussard’ grains were included in A quality
group, and ‘Zentos’ grains — only in B quality group.

. The gluten content of ‘Bussard’ grains was suitable for A+ quality group
at nitrogen fertilizer rates N90 to N150, but that of ‘Zentos® grains at
N150 fertilizer norm complied with the requirements of B quality group.
The content of gluten in grain was influenced more by year
meteorological conditions and cultivar than by nitrogen fertilization, but
the interaction of these factors had a particularly low impact. The gluten
index for both cultivars was adequate for the grade | group grains. The
gluten index was more influenced by cultivar; the effect of year and the
interaction “year x N fertilizer” was lower, but the effect of N fertilizer
was very low. When grains were stored for one year, the gluten content
decreased significantly (p<0.05), and the grains were included in a lower
quality group: ‘Bussard’ grains — in B quality group, but ‘Zentos’ grains —
in L group. Though the gluten index increased significantly during this
time, the grains of both cultivars remained in the grade | group.

. The falling number for both winter wheat cultivars complied with the
requirements of A+ quality grains at all N fertilizer rates. Falling number
was more dependent on the year meteorological conditions and cultivar,
but the interaction of “year x cultivar” had less effect. Grain storage time

43



10.

11.

affected the changes in falling number by 41% — it significantly (p<0.05)
increased and was adequate for A+ food wheat grains.

For both cultivars, wholemeal was strong, and its water absorption was
high. When higher nitrogen fertilizer rates were applied, the capacity of
wholemeal water absorption increased. It was most affected by cultivar,
but the interaction “year x cultivar” gave the least impact. During grain
storage, the water absorption of wholemeal significantly decreased
(p<0.05) but the flour remained strong.

The evaluation of dough development time showed that the wholemeal
of both cultivars was strong. The application of higher nitrogen fertilizer
rates increased the time of wholemeal dough development. It was most
influenced by cultivar, but meteorological conditions and nitrogen
fertilizer had less impact. Grain storage time affected the dough
development time by 37%, i. e., it increased.

The value of wholemeal dough stability showed that ‘Bussard’ flour was
strong, but that of ‘Zentos’ was medium strong. By increasing the
nitrogen fertilizer rate, the dough became more stable. The stability of
wholemeal dough was more affected by year meteorological conditions
and cultivar, but the influence of other factors and their interaction was
lower. After one-year storage, flour became stronger and dough became
more stable.

The degree of wholemeal dough softening was relatively low — the flour
of cultivar ‘Bussard’ grains was strong, but that of ‘Zentos’ grains —
medium strong. The degree of dough softening was lower at higher
nitrogen fertilizer rates. Also, the degree of dough softening was most
influenced by cultivar, but the effect of year meteorological conditions
and the interaction of these factors was less expressed. Grain storage time
affected the degree of dough softening by 46% — it became longer. After
one-year grain storage, the flour from these grains became weaker;
however, the flour of cultivars ‘Bussard’ and ‘Zentos’ remained
strong and medium strong, respectively, and were suitable for the
production of wholemeal.

The quality of grain is closely related to the rheological properties of dough.
Dough development time and dough stability positively correlated with crude
protein content, sedimentation value, and gluten content. Dough stability
positively correlated with water absorption capacity. There was a negative
correlation between the degree of dough softening and crude protein, as well
as between gluten content and sedimentation value. The time of dough
development negatively correlated with the degree of dough softening.
Compared to cultivar ‘Bussard’ grains, cultivar ‘Zentos’ had on average a
0.58 t ha™ higher grain yield but a lower grain quality. The yield of winter
wheat grain was most influenced by cultivar and year; the interaction
“year x cultivar” had less impact, but the effect of nitrogen fertilizer on grain
yield was small.
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