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IEVADS

Latvija vasaras miezi (Hordeum vulgare L.) tradicionali ir nozimigaka
graudaugu suga, ko, salidzinot ar citiem graudaugiem, visplasak izmanto ka
koncentréto baribu visu lauksaimniecibas dzivnieku @&dinasana. Paslaik
gandr1z 85% no miezu koprazas izmanto tiesi lopbariba.

Ir grati defingt idealus lopbaribas miezus, jo dazadam majdzivnieku
sugam un pat vecuma grupam ir loti atskirigas prasibas. Lidz $im lopbaribas
miezu selekcija pasaule un arT Latvija ir attistfjusies l&ni un balstijusies uz
agronomisko un alus miezu kvalitativo raditaju bazes. Viens no iemesliem
ir zinaSanu trikums par graudu kvalitati saistiba ar to izmanto$anu dazadu
majdzivnieku grupu @dinasana, kas nav sekméjis lopbaribas skirgu
selekciju, kas biitu balstita uz graudu kvalitates raditajiem. Lopbaribas
Skirn€m augsta raza ir svarigs raditdjs, bet no finansiala viedokla graudu
kvalitate nakotné graudu razotajiem klis par nozimigu krit€riju, jo
lopbaribas izmaksas liela meéra ietekmé ar1 lopkopibas galaprodukcijas
izmaksas.

Gengtiski  daudzveidigs  selekcijas  izejmaterials ir  svarigs
prieksnoteikums veiksmigam dazadiem izmantoSanas virzieniem piemérotu
miezu Skirpu selekcijas darbam. Tapec ir nepiecieSama padzilinata
daudzveidigu miezu genotipu (divkanSu, daudzkansu, pleksnaino un
kailgraudu) graudu kvalitates raditaju izp&te Latvijas agrometeorologiskajos
apstaklos. Plasaka kailgraudu miezu izmantoSana selekcija un mérktieciga
graudu kvalitates izvertéSana jau agrinajas hibridajas paaudzEs varétu biit
viens no veidiem, ka uzlabot miezu kimisko sastavu ari pleksnpainajiem
mieziem. Pietriikst pilnigas informacijas par Latvija lidz §im selekcioné&to
un plasak audz€to Skirnpu graudu kimisko sastavu, kas ierobezo So Skirpu
graudu mérktiecigu izmantoSanu dazadiem parstrades virzieniem, ari
lopbaribai.

P&ttjums veikts no 2004. Iidz 2008. gadam Valsts Stendes graudaugu
selekcijas institiita. Analiz&ti vasaras mieZu genotipi no darba kolekcijas un
selekcijas materiala.

Petijuma merkis

Izvertet graudu kvalitates raditajus dazadiem vasaras miezu genotipiem
rezultatu  izmantoSanai  lopbaribas  miezu  selekcija  Latvijas
agrometeorologiskajos apstak]os.

Merka sasniegSanai izvirziti $adi uzdevumi:
¢ salidzinat dazadu vasaras miezu formu genotipus no kolekcijas materiala
péc graudu kvalitates fizikalajiem un kimiskajiem raditajiem;
o raksturot Latvija selekcionéto miezu Skirnpu atbilstibu kvalitativas
lopbaribas ieguvei,



¢ noskaidrot genotipa un vides ietekmi uz miezu graudu kvalitates raditaju
mainibu;

o izpétit korelativas sakaribas starp miezu graudu kvalitates raditajiem;

e novertét miezu graudu kvalitates raditajus F4 un Fs hibridas paaudzes
pleksnainajam un kailgraudu Imijam;

Pétijuma novitate:

e izpétita miezu graudu kvalitates fizikalo un ktmisko raditaju mainiba,
savstarpgjas sakaribas, iedzimstamiba Latvijas agrometeorologiskajos
apstaklos;

e padzilinati izverteta dazadu vasaras miezu genotipu graudu kvalitate no
miezu kolekcijas un selekcijas materiala, ieteikta to izmanto$ana vasaras
miezu Skirnu selekcija lopbaribas virzienam;

e precizéta Latvija selekcionéto miezu Skirnu atbilstiba kvalitativas
lopbaribas ieguvei atgremotajiem un neatgremotajiem majdzivniekiem;

e apgiitas un adapt€tas jaunas miezu graudu kvalitates izp&tes metodes: -
glikanu satura noteikSanai, ar turpmako datu izmantoSanu automatiskas
graudu analiz€Sanas iekartas Infratec kalibréSanai; proteina
elektroforézes metode hordeina daudzveidibas novérté$anai, nodroSinot
iespgju analizet graudu kvalitati selekcijas materialam agrinas hibridajas
paaudzes.

Petjjumu rezultati atspoguloti 14 zinatniskas publikacijas latvieSu un
anglu valoda. Par darba gaitu un rezultatiem sniegti 11 zinojumi
starptautiskas un vietgjas zinatniskas konferenc€s: Latvija, Lietuva,
Slovakija un Spanija.

IZMEGINAJUMA APSTAKILI UN METODES

MieZu genotipu forma un izcelsme

P&tijuma verteti genotipi no darba kolekcijas un selekcijas linijas no
vasaras miezu selekcijas programmas. Lai izpétitu un salidzinatu miezu
genotipu graudu kvalitati, izveletas selekcionétas 52 vasaras miezu Skirnes
un linijas no dazadam pasaules valstim no vasaras miezu kolekcijas, tai
skaita 27 divkansu pleksnainie genotipi, 10 daudzkansu pleksnainie genotipi
un 15 divkansu kailgraudu genotipi. Petiti 14 Latvijas, 1 ASV, 2 Austrijas,
1 Bolivijas, 1 Cehijas, 1 Ciles, 3 Danijas, 2 Gvatemalas, 1 Italijas, 2
Japanas, 3 Kanadas, 1 Krievijas, 1 Lietuvas, 2 Lielbritanijas, 1
Makedonijas Republikas, 2 Meksikas, 2 Nepalas, 1 Portugales, 1
Turkmenistanas, 1 Ungarijas, 5 Vacijas, 1 Ziemelkorejas, 2 Zviedrijas
izcelsmes genotipi, kas izvEleti balstoties uz iepriek$€jo gadu pé&tijumu
rezultatiem par kopproteina saturu graudos, icklaujot genotipus ar atSkirigu
§1 raditaja vertibu - no 100 lidz 200 g kg™



Pleks$naino un kailgraudu mieZu liniju izveide un izpétes shema

Graudu kvalitates izp&tei vasaras miezu selekcijas materialam analiz&tas
F4 un Fs hibridas paaudzes 34 pléksnainas un 40 kailgraudu linijas no 6
krustojumu kombinacijam, kas iegtitas 2004. gada starpskirnu hibridizacijas
rezultata, kur ka mates augs izvéleta kailgraudu miezu forma, bet ka teva
augs pleksnaina miezu forma. No 2006. gada pavasarl ies€tajam F,
paaudzes hibridajam populacijam rudent veikta produktivako F; paaudzes
plekspaino un kailgraudu elites augu izlase. 2007. gada pavasari 50 graudi
no F; paaudzes elites augiem un atbilstosas kombinacijas vecakaugu skirnes
izs€tas 1 m gara rindina. Rudeni iegiitas F, paaudzes plekSpainas un
kailgraudu miezu linijas. 2008. gada pavasari F, paaudzes pléksnainas un
kailgraudu Iinijas iesétas 1 m” lielos laucinos. Rudeni novaktas Fs paaudzes
kailgraudu un pléksnainas miezu linijas.

Izméginajumu vietas un apstaklu raksturojums

Lauka izmeginajumi iekartoti Talsu novada Valsts Stendes graudaugu

selekcijas institlita graudaugu selekcijas augu sekas laukos.
Petfjumi graudu kvalitates novertésanai dazadu vasaras miezu genotipiem
no kolekcijas materiala veikti no 2004. Iidz 2006. gadam velénu
podzolaugsnés Albeluvisol (Eutric). Augsnes agrokimiskie raditaji:
tridvielu saturs 12-15 g kg™'; pH KCI 6.1-6.8; P,05202-278 mg kg''; K,0
110-147 mg kg™ PriekSaugs — kartupeli. PavasarT péc lauka nogliksanas
pirms augsnes kultivacijas pamatméslojuma iestradats kompleksais
mirllerélméslojums ar kopg&jo normu: N-60, P,05-35, K,O — 50, S — 42 kg
ha™.

Miezu graudu kvalitates izpéte F, un Fs hibridas paaudzes selekcijas
materialam veikta no 2007. Iidz 2008. gadam velénu podzolaugsnés
Albeluvisol (Eutric). Augsnes agrokimiskie raditaji: tradvielu saturs
26 g kg'; pH KCI 5.9-6.3; P,05168-182 mg kg™'; K,0 250-334 mg kg™
PriekSaugs — kartupeli. Pavasar1 péc lauka noslikSanas pirms augsnes
kultivacijas pamatmeslojuma iestradats kompleksais mineralméslojums ar
kopgjo normu: N-80, P,05—47, K,0 — 66, S —56 kg ha'l.

Visi agrotehniskie pasakumi veikti optimadlos terminos atbilstosi
meteorologiskajiem apstakliem vegetacijas perioda un augu attistibas
fazém. S&ja veikta ar mazgabarita s€jmasSinu ‘Hege 80°, novakts ar
kombainu ‘Hege 140°. Izséjas norma 400 digtspgjigas séklas uz 1 m’
pleksnainajiem genotipiem, 450 digtsp&jigas seklas uz 1 m” — kailgraudu
miezu genotipiem. Herbicidi lietoti miezu cerosanas fazg (20.-23.05). Raza
1-2 m? lauciniem novakta ar kombainu ‘Hege 140°, no rindinam — ar sirpi.



Meteorologisko apstaklu raksturojums

2004. gada laika apstakli bija labveligi miezu augSanai un attistibai.
Vegetacijas periods parsvara bija véss un mitrs. 2005. gada laika apstakli
bija labvéligi augstu graudaugu razu ieguvei, bet nelabvéligi razas
novaks$anas perioda, kas ietekméja graudu kvalitati. 2006. gada vegetacijas
perioda laika apstakli bija nelabvéligi vasaras miezu augSanai un attistibai.
Digstu veidosanas fazeé augiem trika mitrums. Optimali apstakli bija
ceroS$anas perioda. Izteiktu mitruma deficitu novéroja graudu veidosanas
perioda. 2007. gada vegetacijas perioda laika apstakli bija ierobezojo$i
vasaras miezu augSanai un attistibai, jo ceroSanas faz€ augiem triika
mitrums, kas |oti saisindja §1s fazes garumu. Mitruma parbagatiba tika
noverota graudu veidoSanas perioda. 2008. gada vegetacijas perioda laika
apstakli bija samera nelabvéligi vasaras miezu augsanai un attistibai, jo
pavasari sgjumi nevienmérigi sadiga un nevienmerigi attistijas. Stipras
lietusgazes julija vidii un paaugstinatais nokris$nu daudzums augusta ménest
radija stipru veldri labi sacerojusajos miezu s€jumos.

Materiala noverteSanas metodika
Lauka apstaklos pétijjuma ieklautajiem genotipiem veica augu

fenologiskos novérojumus. Vegetacijas perioda atzim&ja katra genotipa

plauksanas fazes (55.-59. etaps) iestasanas datumu (80% augu ziedkopa
pilnigi izaugusi arpus lapas maksts) un nogatavosanas fazi (91.-93. etaps)

(graudi cieti, viegli atdalas no varpas), aprékinaja perioda ilgumu no

plauksanas lidz nogatavoSanas fazei.

Laboratorijas apstaklos genotipi noverteti péc $adam pazimem:

e 1000 graudu masa (g) pec Starptautiska s€klu kontroles asociacijas
metodikas;

e tilpummasa (g L") LVS ISO 7971-2:2003;

o pleksnu ipatsvars (%) (Bacuienko, Komapos, 1989);

e viena grauda diametrs (mm), viena grauda svars (mg); graudu
relativais cietibas indekss (RCI) ar Viena Grauda Analiz&Sanas
Sistemu 4100 (Single Kernel Characterisation System, SKCS) (Perten,
ASV). Paraugi ar RCI<30 raksturojas ar mikstu grauda endospermu,
30>RCI<60 vidgji mikstu endospermu, RCI>60 cietu endospermu.

Valsts Stendes Graudaugu selekcijas institita graudu kvalitates un

agroktmijas laboratorija genotipiem no kolekcijas materiala (2004.-2006. g.)

analiz&ts:

e kopproteina saturs (g kg'), ar Kjeldila metodi (LVS 277),
parrékinasanas koeficients 6.25;

e cietes saturs (g kg™") ar Eversa polarimetrisko metodi (ISO 10520);

e koptauku saturs (g kg™) ar ekstrakcijas metodi (ISO 6492);



koppelnu saturs (g kg™), paraugus sadedzinot mufelkrasni pie 550 °C
(LVS 276:2000);

kopéjas kokskiedras saturs (g kg') paraugu apstradajot ar sérskabi un
natrija sarmu, un nosverot neskistoso atlikumu (ISO 5498);

fosfora saturs (g kg') ar spektrometrijas metodi (ISO 6492);

Vecakaugu skirném, F, un Fs paaudzes kailgraudu un pleksnainajam miezu
Itnijam (2007.-2008.g.) ar graudu automatisko analizatoru Infratec Analysis
1241 (pielietojot 0.1 kg kiveti) noteikts kopproteina saturs (g kg™), cietes
saturs (g kg™, B-glikanu saturs (g kg™).

- LLU Agronomisko petfjumu laboratorija analizgts:

neitrali skalota kokskiedra (NSK) (g kg™') LVS EN ISO 16472; 2006;
skabi skalota kok3kiedra (SSK) (g kg™") ar Van Soesta baribas lidzeklu
analizu metodi (Forage analysis, ASV, met. 4.1: 1993);

lizina saturs (g kg') atbilstosi LVS EN ISO 13903:2005 metodikai.
Aprekinats lizina relativais saturs proteina (g 100 g proteina).

Aarhus Universitates Flakjebjergas Zinatnes Centra (Danija) genétikas un
biotehnologijas laboratorija analizgts:

aminoskabju saturs (g kg') ar augstas izikirtspgjas Skidruma
hromotografu (Ultra Performance Liquid Chromatography/ UPLC).
Aminoskabju saturs noteikts vecakaugu skirném (‘Justina’, ‘L 302’),
kailgraudu un pléksnainajam Inijam (5 pleksnainas, 8 kailgraudu) no
krustojumu  kombinacijas 04-09  (Justina/L  302). Aprekinats
aminoskabju relativais saturs proteina (g 100 g proteina).

P&tfjuma autores adaptetas metodes:

p-glikanu saturu graudos (g kg') (darbs veikts LLU Agronomisko
pétijumu laboratorija), adaptéjot McCleary and Glennie-Holmes (1985)
metodiku (EBC metode 3.11.1) Izmantoti kimiskie reagenti no
Megazyme (Megazyme International Ireland Ltd.).

rezerves proteina D, C un B hordeinu profilu daudzveidibas
noteikSana (darbs veikts Valsts Stendes Graudaugu selekcijas institiita
laboratorija), adapt€jot natrija dodecilsulfata (SDS)-poliakrilamida ggla
elektroforézes (SDS-PAGE) metodi (Doll, Andersen, 1981). Proteina
ekstrakcijai izmantota modificeta metode (E. Vincze, Flakebjergas
Zinatnes Centrs, Danija, 2006; N. Rostoks, LU Biologijas fakultate, 2008
— personigd komunikacija). Hordeina elektroforéze veikta varpu
paraugiem, kas ievakti 2006. gada. Paraugs analizei iegiits graudus no
vienas varpas samalot piesta un izsijajot caur 0.5 mm sietu.

Datu statistiska analize

legiitie rezultati statistiski apstradati ar Microsoft Excel programmas

naketi, pielietojot aprakstosas un variacijas statistikas, dispersijas analizes,
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korelacijas analizes metodes un t-testu divu neatkarigu paraugkopu vidgjo
starpibas butiskuma novertesanai.

Izmantota klasteru analize, piclietojot Varda metodi (veido klasterus
jeb grupas pamatojoties uz minimalu dispersiju grupu iek$pusg), izmantota,
lai p&tamo selekcijas materialu sagrupétu péc graudu fizikalajiem un
ktmiskajiem raditajiem. Datu apstradi veica ar SPSS programmas paketi.

Galveno komponentu analizé p&tamas Skirnes sadalitas grupas ar
lidzigam pazimju kombinacijam, nemot véra korelativas sakaribas starp
pazimém. Datu analizi veica ar SPSS programmas paketi. Galveno
komponentu analiz€ Tpasvertibas, kas augstakas par vienu vienibu uzskatitas
ka biutiskas. Pie apskatama galvena komponenta pieder tie mainigi, kuru
komponentu slodze ir lielaka par 0.5.

Elektroforézes datu apstradé, katra individuala hordeinu polipeptidu
josla identificéta manuali ar GeneTools datorprogrammas piedavato opciju
un molekulmasa aprékinata, balstoties uz molekulmasas (MM) markieri
(Fermentas). Skirmne ‘Igri’ izmantota ka kontrole uz katra géla. Hordeina
polipeptidu joslas pétijuma numurétas pec to elektroforétiskas mobilitates.
Ar datorprogrammu STATISTICA, balstoties uz binaro datu matricu, ar
klasteru analizi, kur piem@rota tuvaka kaimina (Neighbour-joining) klasteru
veidoSanas metode, konstruéta dendrogramma, kas genotipus apvieno
radniecigas grupas pec hordeinu joslu profiliem.

Trispadsmit Latvija selekciongto Skirnpu salidzinaSana péc graudu
kvalitates raditajiem veikta, izmantojot selekcijas materiala integrala
novértéjuma metodi (Maptunos, 1987), lai identificétu Skirnes, kuras
raksturojas ar zemako Skirpu raksturojoso pazimju normeto novirZu summu
no velamas vertibas izmantoSanai atgremotdjiem un neatgremotajiem
majdzivniekiem. Integralaja noveértd§juma nemta verad pazimes velama
vertiba, pazimes faktiska vertiba, katras pazimes ieguldijuma koeficients un
standartnovirze skirpu salidzingjuma. Vasaras miezu genotipu integralais
noveértéjums veikts péc 4 graudu kvalitates fizikalajam pazimém
(pleksnainiba, 1000 graudu masa, tilpummasa, relativais cietibas indekss)
un 7 graudu kvalitates kimiskajam pazimém (cietes, kopproteina, koptauku,
B-glikanu, kokskiedras saturs, koppelnu un fosfora saturs). Abam
majdzivnieku grupam vélama pazimes vérttba 1000 graudu masai,
tilpummasai, cietei, koptauku un f-glikanu saturam atbilst pazimes
maksimalai vertibai, bet pleksnainibai un kokskiedras saturam - pazimes
minimalai vertibai. V&lamai pazimes vertibai kopproteina saturam ir
ierobezojums no apakias (>120 g kg'). Neatgremotajiem ka vélama
pazimes vértiba relativajam cietibas indeksam noteikta pazimes minimala
vertiba, bet atgremotajiem — §Is pazimes maksimala vertiba. Minimala
integrala noveértgjuma vértiba (SD) atbilst labakajam genotipam p&c
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integrala noveértéjuma. Par augstvértigako lopbaribas miezu $kirni tiek atzita
ta, kuras SD vértiba ir zemaka par vienu standartnovirzi (s) no vidgjas St
indeksa vértibas SD,;4-s Skirnu salidzinajuma (SD<SD,;4-s).

REZULTATI

GRAUDU KVALITATES PAZTM.!U IZVERTEJUMS DAZADAM
VASARAS MIEZU FORMAM

Miezu lopbaribas kvalitati raksturo gan fizikalie, gan kimiskie raditaji,
kas atrodas kompleksa mijiedarbiba un var ietekm& miezu graudu
lopbaribas  kvalitati. Skirnes, ko krusto§ana izmanto ka selekcijas
izejmaterialu jaunu Skirpu veidoSanai parasti izvElas pamatojoties uz
pazimju, kas svarigas selekcijas uzdevumu veikSanai, fenotipisko
novertgjumu.

Graudu kvalitates fizikalo raditaju izvertejums ( 1. tabula).

Graudu pleks$painiba (GPL). Pétijuma ieklautajiem plekSpainajiem
vasaras miezu genotipiem pléksnu Ipatsvars graudu masa vidgji trijos gados
vari€ja no 6.9% divkansu skirnei ’Cork’ lidz 11.7% daudzkan$u Skirnei
‘Chosen’. Rezultati parada, ka pleksnu ipatsvars bitiski (p<0.05) augstaks
bija daudzkansu mieZiem salidzinajuma ar divkan$u miezZiem. Se$iem no
desmit novértétajiem daudzkansu genotipiem, Sis raditajs parsniedza 10%.

1000 graudu masa (TGM) divkansu mieziem bija robezas no 39.7 lidz
50.0 g, bet daudzkanSu mieziem §is pazimes vértiba vari€ja no 29.6 g lidz
44.1 g ar pazimes variacijas koeficienta vertibu 12.0%. Arl kailgraudu
miezu genotipiem §Is pazimes mainiba bija salidzinosi augsta. Divkansu
mieziem TGM bija biitiski augstaka, salidzinot ar daudzkanSu miezu Sis
pazimes vidgjo vertibu (p<0.05). PlekSpainie miezu genotipi, kas
raksturojas ar rupjiem graudiem bija Skirnes ‘Klinta’ un ‘Rija’ (abam 50 g),
bet kailgraudu mieziem - ‘10250’ (49.6 g) un ‘L 302’ (48.7 g).

Viena grauda diametrs (GD) un viena grauda masa (GM) selekcijas
materialam Latvijas miezu selekcijas programmas lidz Sim nav analiz&ts.
Vidgjais grauda diametrs plék$nainajiem divkan$u mieziem bija bitiski
(p<0.05) augstaks neka kailgraudu mieziem (attiecigi 2.45 un 2.35 mm).
Divkansu plekspainajiem mieziem (44.2 mg), salidzinot ar daudzkans$u
(40.4 mg) un kailgraudu mieziem (40.8 mg), bija butiski (p<0.05) augstaka
vidgja viena grauda masa. Mainiba péc §1 raditaja daudzkanSu
pleksnainajiem un divkansu kailgraudu mieziem bija vidgja.

Graudu tilpummasa vidgji izmégindjuma gados starp dazadu formu
genotipiem varigja no 601.8 g L™ daudzkansu miezu genotipam ‘B90A” lidz
798.3 g L™ kailgraudu $kirnei ‘CD Candle’. STs pazimes vértiba bija batiski
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augstaka plekSnainajiem divkansu mieZu genotipiem (682.4 g L)
salidzinajuma ar daudzkansu miezu genotipiem (635.8 g L"), un kailgraudu
miezu genotipiem (774.6 g L) salidzindgjumad ar pleksnainajiem
genotipiem. Septiniem plékSnainajiem divkansu genotipiem graudu
tilpummasa parsniedza 700 g L .

1. tabula / Table 1
Graudu kvalitates fizikalo pazimju salidzinajums starp dazadam
mieZu formam (videji 2004.-2006. g.)
Comparison of grain quality physical traits between different types of
barley (mean, 2004-2006)

T
Raditaji/Indices G}:/L . | TOM, TM’I GD, GM, mg RCI
() g gL mm

Divkansu, pleksnains/ Two-row, covered
vidgji/mean 8.6°2 | 45.7° | 682.4° | 245° 44.0° 64.4°
min 6.9 39.7 635.7 2.24 37.9 43.5
max 10.6 50.0 712.2 2.64 50.8 80.8
V% 10.4 6.5 3.0 54 7.2 14.7
Daudzkansu, plek$nains/ Six-row, covered
Vidgji/mean 10.6° | 40.1° | 635.8° | 2370 | 404° 67.2°
min 9.6 29.6 601.8 2.08 29.4 54.6
max 11.7 44.1 661.8 2.58 47.7 80.4
V% 6.8 12.0 3.0 5.6 11.8 13.7
Divkansu, kailgraudu / Two-row, hulless
Vidgji/mean - 4317 | 774.6* | 2.35° 40.8° 64.8"
min - 31.2 737.9 2.15 324 40.3
max - 49.6 798.3 2.63 47.7 84.9
V% - 12.8 2.0 5.6 114 18.9

'GPL-graudu pleksnainiba / hull content; TGM-1000 graudu masa / 1000 kernel weight; TM-
tilpummasa / test weight; GD-viena grauda diametrs / single kernel diameter; GM-viena grauda
masa / single kernel weight; RCI-relativais cietibas indekss / relative hardness index; * pazimes
vidgjas vertibas katra salidzinajuma starp miezu formu pariem ar dazadiem burtiem augsraksta
ir butiski atSkirigas p<0.05 limeni / trait mean values in each comparison between barley types
with different labels on superscript are significant at the p<0.05.

Graudu cietiba mieziem, tapat ka kvieSiem, raksturo endospermas
struktiiru. Relativais cietibas indekss (RCI) petijuma ieklautajiem dazadu
miezu formu genotipiem vari€ja no 43.5 lidz 84.9. Visam miezu formam
bija vérojama §1 raditdja salidzinoSi augsta mainiba (V%=13.7-18.9). No 52
petijuma analizétajiem genotipiem, miksta endosperma (RCI<30) nebija
nevienai Skirnei, vid&ji miksta endosperma (30>RCI<60) bija 15 genotipiem
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(8 divkansu, 2 daudzkansu, 5 kailgraudu), bet cieta endosperma (RCI>60) —
37 genotipiem (19 divkansu, 8 daudzkansu, 10 kailgraudu).

Graudu kvalitates kimisko raditaju izvértéjums (2. tabula).

Cietes saturs graudos vidgji tris gados divkansu miezu graudos bija
butiski (p<0.05) augstaks neka daudzkan$u miezu graudos (attiecigi 620.1
un 590.4 g kg'). Kailgraudu genotipi raksturojas ar salidzinodi lielako
mainibu péc cietes satura graudos - tas varigja no 585.7 g kg 8kirnei
’Sumire Mochi’ 1idz 670.5 g kg 8kirnei *’CD Candle’, kur abiem mingtiem
genotipiem ir vaskveida endosperma.

2. tabula / Table 2
Graudu kvalitates kimisko pazimju salidzinajums starp dazadam
miezu formam (vidéji 2004.-2006. g.)
Comparison of grain quality chemical traits between different types of
barley (mean, 2004-2006)

Raditaji/ PR, C BGL, | KT, g | KS, g | KP, P, g
Indices gkg! g kg gkg! kg kg g kg kg

Divkansu, plék$nains / Two-row, covered

Vidgji/ mean | 128.7°7 | 620.1° | 38.6° | 23.2° | 46.5° | 229" | 3.9°

min 109.9 581.6 34.1 19.7 34.9 21.0 3.2
max 170.7 650.0 43.9 29.4 53.1 254 4.7
V% 13.2 3.1 6.9 9.6 8.2 4.8 8.9

Daudzkansu, plek$nains / Six-row, covered

Vidgji/mean | 152.0° | 590.4° | 41.9° | 22.7° | 53.5° | 244 | 47°

min 118.8 563.0 36.2 20.1 493 22.5 3.7
max 196.2 621.0 46.6 243 59.2 26.1 54
V% 12.9 2.9 8.5 59 6.1 4.6 18.0

Divkan§u, kailgraudu / Two-row. hulless

Vidgji/mean 149.4° 630.1* | 504° 25.4° 23.7° 21.3° 4.7°

min 118.4 585.5 37.0 21.2 17.3 18.8 4.1
max 176.9 670.5 66.5 30.7 28.6 23.9 52
V% 12.5 4.9 15.2 9.4 13.8 8.3 8.4

"PR-kopproteins / crude protein, C — ciete / starch, BGL-B-glikani / B-glucan, KT-koptauki /
crude fat, KS-kokskiedra / crude fibre; KP-koppelni / crude ash; P-fosfors / phosphorus; 2
pazimes vidgjas vertibas katra salidzinajuma starp miezu formu pariem ar dazadiem burtiem
augsraksta ir butiski atSkirigas p<0.05 ltmeni / trait mean values in each comparison between
barley types with different labels on superscript are significant at the p<0.05.

Kailgraudu miezu genotipiem vidgjais cietes saturs graudos (630.1 g kg™)
bija bitiski (p<0.05) augstaks neka pleksnainajiem mieZiem (620.1 g kg™).
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Kopproteina saturs (PR) vidgji tris gados divkan$u miezu genotipiem
graudos varigja no 109.9 lidz 170.7 g kg, daudzkansu genotipiem - no
118.8 lidz 196.2 g kg, kailgraudu miezu genotipiem — no 118.4 lidz
176.9 g kg™'. Pétijuma ieklautie dazadu formu genotipi izvéleti pamatojoties
uz to kopproteina saturu graudos, lai materials péc §is pazimes biitu péc
iesp&jas daudzveidigaks un tapec izmantojams turpmakai pargjo graudu
kvalitates raditaju izp&tei. Mainiba, kas novert€ta ar pazimju variacijas
koeficientiem, péc kopproteina satura graudos bija Iidziga visam mieZu
formam (V%=12.5-13.2).

p-glikanu saturs (BGL) graudos pleksnainajiem miezu genotipiem
varigja no 34.1 lidz 46.6 g kg, bet daudzkan$u miezu genotipiem tas
varigja no 36.2 g kg™ [idz 46.6 g kg™'. Vidgji tris gados daudzkansu mieziem
B-glikanu saturs bija butiski augstaks (p<0.05) neka divkan$u mieziem.
Kailgraudu miezu genotipiem konstatgja biitiski augstaku (p<0.0001) vid&jo
B-glikanu saturu neka plekspainajiem miezu genotipiem. Kailgraudu
mieziem konstatgja salidzino$i augstu mainibu péc P-glikanu satura
graudos, kur pazimes min vértiba bija 37.0 g kg™ $kirnei ’Gainer’, bet max
pazimes vértiba — 66.5 g kg $kirnei ‘CD Candle’, kas norada, ka iespgjams
selekciongt ar1 kailgraudu miezu Skirni ar pazeminatu (-glikanu saturu
graudos, kas vairak atbilst izmantoSanai lopbariba neatgremotajiem
majdzivniekiem. Visaugstako B-glikanu saturu noveroja kailgraudu miezu
genotipiem ar vaskveida endospermu - ‘Sumire Mochi’, “Wanubet’ (Japana)
un ‘CD Candle ‘(ASV) (attiecigi 60.7, 58.5 un 66.5 g kg™), kas apstiprina,
ka genotipi ar zemas amilozes cieti, ir mazak piemé&roti izmantoSanai
lopbariba, 1pasi putniem.

Koptauku saturs (KT) vidgji trijos gados divkansu un daudzkan$u
pleksnainajiem mieZu genotipiem bija attiecigi 23.2 un 22.8 g kg un &
starpiba nebija butiska. Koptauku saturs kailgraudu miezu graudos varigja
no 21.2 1idz 30.7 g kg™ ar vidgjo vertibu 25.4 g kg, kas bija batiski augsta-
ka neka pleksnpainajiem mieziem (p<0.01). Koptauku saturs vidgji tr1s ga-
dos miezu skirném ar vaskveida endospermu ka ‘Merlin’, “Wanubet’ un
‘CD Candle’ bija ievérojami augstaks (27.1-28.3 g kg') neka mieziem ar
norma-lu endospermu.

Kokskiedras satura (KS) atskiribas starp divkanSu plekSpainajiem
mieZu genotipiem bija saméra lielas — no 34.9 g kg™ $kirnei *Grimmet’ lidz
53.1 g kg' $kirnei ’Landsorte aus Tirol’. Vidgjais kokskiedras saturs
daudzkandu mieziem (53.5 g kg') bija batiski augstaks neka divkansu
mieziem (46.5 g kg™) (p<0.01). Kailgraudu mieZiem kokskiedras saturs bija
divas reizes zemaks neka plekSpainajiem mieziem: attiecigi 23.8 un
46.5 g kg'. Zemako kokskiedras saturu graudos konstatgja kailgraudu
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miezu genotipiem ar vaskveida endospermu ‘Wanubet’, ‘CD Candle’
(attiecigi 17.4 un 173 gkg").

Koppelnu saturs (KP) plekspainajiem divkanSu mieZziem graudos
varigja no 21.0 lidz 25.4 g kg, daudzkan$u miezu genotipiem — no 22.5
lidz 26.1 g kg, kailgraudu mieziem - no 18.8 lidz 23.9 g kg™'. Pétijuma ir
konstateta biitiska starpiba (p<0.05) starp visam miezu formam péc vidgja
koppelnu satura graudos. Augstaks tas bija daudzkanSu, salidzinot ar
divkan$u genotipiem (attiecigi 24.4 un 22.9 g kg'), un pleksnainajiem,
salidzinot ar kailgraudu genotipiem (attiecigi 22.9 un 21.2 g kg™).

Fosfora saturs (P) graudos pleksnainajiem divkansu mieziem varigja no
32 lidz 4.7 g kg, daudzkan$u mieZiem — no 3.7 lidz 5.4 g kg, bet
kailgraudu miezu genotipiem no 4.1 Iidz 5.2 g kg™'. Fosfora saturs graudos
vidgji trijos gados divkan3u pleksnainajiem mieziem (3.9 g kg™') bija biitiski
zemaks (p<0.001) salidzinot ar daudzkan$u plkSnainajiem mieziem un
divkan$u kailgraudu mieZiem (abiem vidgji 4.7 g kg™).

Kopuma graudu kvalitates kimisko pazimju mainiba starp genotipiem
galvenokart péc visiem novertétajiem raditajiem bija augstaka divkansu
kailgraudu miezu genotipiem, salidzinot ar citam miezu formam. Ipasi
daudzveidigs materials kailgraudu mieziem bija p&c B-glikanu satura
(V%=15.2) un kokskiedras satura graudos (V%=13.8).

Dazadiem vasaras miezu genotipiem, kas raksturojas ar atSkirigu
kopproteina saturu graudos, noteica lizina saturu graudu sausna un
proteina. Analizétos genotipus sadalija tris grupas, kas savstarp€ji butiski
(p<0.05) atskiras péc vidgja kopproteina satura graudos. Pieaugot
kopproteina saturam, pieauga ar1 lizina saturs graudu sausna, ko apstiprina
bitiska (p<0.01) pozitiva korelacija starp Siem abiem raditajiem
(r=0.934>1,,,=0.798;n=9). Nekonstatgja statistiski biitiskas atSkiribas péc
vidgja lizina satura graudu sausna (attiecigi 4.31 un 4.83 g kg') starp
genotipiem ar vid&u (133.0 g kg™') un paaugstinatu kopproteina saturu
(162.8 g kg) graudos. Pieaugot kopproteina saturam graudos, samazinas
lizina proporcija proteina, ka norada biitiska negativa korelacija starp Siem
abiem raditajiem (r=-0.775>10s=0.666; n=9). Lizina saturs proteina
(3.34 g 100 g proteina) bija butiski augstaks genotipiem ar pazeminatu
(<120 g kg™") kopproteina saturu, salidzinot ar genotipiem ar paaugstinatu
kopproteina saturu graudos (>155 g kg') - 2.97 g 100 g proteina.
Genotipiem ar vidéju kopproteina saturu graudos (133.0 g kg') lizina
ipatsvars proteina bitiski neatSkiras no genotipiem ar pazeminatu
kopproteina saturu graudos (115.7 g kg) (lizina saturs attiecigi 3.25 un
3.34 g 100 g proteina), tas bija batiski (p<0.05) augstaks neka genotipiem ar
paaugstinatu kopproteina saturu graudos (lizina saturs 2.97 g 100 g
proteina). Datu analize liecina, ka mieziem ar vidéju kopproteina saturu
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graudos (120-140 g kg'), bija tads lizina saturs sausnd un proporcija
proteina, kas vislabak apmierina gan atgremotaju, gan neatgremotaju
majdzivnieku prasibas.

P&tijuma salidzingja ari 13 Latvija selekcionétas Skirnes péc graudu
fizikalajiem un kimiskajiem raditdjiem un izvert€ja So skirpu augst-
vertigumu no lopbaribas kvalitates viedokla. Klasteru analiz€, pamatojoties
uz minimalu dispersiju grupu iekSpus€, skirnes péc 11 analizétajiem graudu
fizikalajiem un kimiskajiem raditajiem sadalijas divas grupas (3. tabula).
Pirma grupa apvienoja 6 Skirnes (‘Ansis’, ‘Ruja’, ‘Gate’, ‘Malva’, ‘Rasa’,
‘Kristaps’), kam bija biitiski augstaks vidgjais cietes saturs (635.0 g kg™) un
bitiski zemaks (p<0.05) vidgjais kopproteina saturs graudos (119.6 g kg™),
salidzinot ar 7 skirné€m, kas apvienotas 2. grupa (‘Sencis’, ‘Linga’, ‘Abava’,
‘Klinta’, ‘Idumeja’, ‘Balga’, ‘Druvis’) (vidgjais cietes un kopproteina saturs
attiecigi 615.9 un 128.6 g kg'). Rezultati liecina, ka 1. grupas $kirnes
raksturojas ar paaugstinatu energgtisko veértibu, ipasi izcelot kirnes ‘Ansis’,
‘Rija’ un ‘Rasa’, kuram bija salidzinosi augstaks koptauku saturs graudos
(24.1-24.6 g kg™"). Skirném ‘Ansis’, ‘Rija’, ‘Gate’ un ‘Malva’ raksturiga
cieta grauda endosperma (RCI=63.7-68.6) un salidzino$i zemaka pleksnainiba
(8.0-9.1%). Daudzkansu miezu Skirne ‘Druvis’ $aja skirpu salidzinajuma
raksturojas ar maksimalo pazimes vertibu péc -glikanu satura, kokskiedras
satura un relativa cietibas indeksa, un ar minimalo pazimes vertibu p&c 1000
graudu masas, tilpummasas un koptauku satura, kas liecina par $1s $kirnes
salidzino$i zemo graudu lopbaribas kvalitati.

Izmantojot selekcijas materiala daudzkritériju izlasi jeb integrala
novertéjuma metodi, Latvija selekcion@tas Skirnes analiz&ja pec 11 graudu
kvalitates pazimém vienlaicigi, tas ir, noteica tas Skirnes, kuras raksturojas
ar zemako Skirni raksturojoso pazimju normé&to novirzu summu no vélamas
vertibas izmantoSanai neatgremotdjiem un atgremotajiem majdzivniekiem.
Kvalitativas lopbaribas prasibam izmantoSanai neatgremotajiem maj-
dzivniekiem péc graudu fizikalajiem raditajiem visvairak atbilst Skirne
‘Klinta’ (SD=2.9<SD,;4-s=3.8), kurai bija paaugstinata 1000 graudu masa
(50.0 g), tilpummasa (707.7 g L), pazeminata plekspainiba (8.2%) un
vidgji miksti graudi (RCI=59.9). IzmantoSanai atgremotajiem
majdzivniekiem peéc graudu fizikalajiem raditajiem vairak ir piemeérotas
Skirnes ‘Abava’ un ‘Rfja’ (SD=2.9-4.1<SD,j4-s=4.1), kuram vidgji trTs
gados, salidzinot ar citam Latvijas izcelsmes $kirném, bija pazeminats
pleksnu ipatsvars (8.2-8.3%), paaugstinata 1000 graudu masa (48.9-50.0 g),
tilpummasa (686.3-701.0 g L"), tas raksturojas ar cietu graudu endospermu
(RCI=66.5-70.7).
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3. tabula / Table 3
Latvija selekcionéto Skirnu raksturojums péc graudu kvalitates fizikalajiem un kimiskajiem raditajiem,
vidgji 2004.-2006.g."
Grain quality characteristics of spring barley varieties bred in Latvia, mean of 2004-2006

Skirne | ¢ | PR | BG | Kt | K§ ] kK | P | PL [ TGM | T™ [ RdI
1. grupa / Group 1

Ansis 634.7 115.7 36.7 24.6 45.0 21.6 3.8 9.1 46.4 680.8 67.8
Riija 627.2 119.7 372 24.1 44.8 22.0 3.9 8.3 50.0 686.3 66.5
Gite 641.7 120.0 37.6 23.7 43.1 222 4.1 8.0 45.2 702.5 68.6
Malva 632.5 121.9 35.0 22.1 45.2 21.7 3.9 8.7 44.2 699.5 63.7
Rasa 632.6 124.4 37.9 24.1 43.5 222 3.5 9.4 43.9 683.0 73.9
Kristaps 635.2 115.9 37.3 20.2 45.7 22.8 3.7 9.4 44.7 670.0 79.2

Vidéji/mean® | 635.0° 119.6° 37.0° 23.1° 44.6" 22.1° 3.8° 8.8" 45.7° 687.0° 70.0*

2. grupa / Group 2

Sencis 612.0 130.5 36.3 22.6 47.6 22.8 4.0 10.6 46.5 701.3 47.1
Linga 612.1 129.8 38.7 22.6 51.5 24.1 4.0 10.6 43.0 683.0 66.7
Abava 619.9 128.7 40.3 233 46.2 22.6 3.8 8.2 48.9 701.0 70.7
Klinta 614.6 136.7 40.4 21.5 45.8 21.8 4.0 8.2 50.0 707.7 59.9
Idumeja 612.9 132.7 41.5 22.5 46.9 233 3.9 8.9 49.4 648.7 61.3
Balga 618.9 123.2 41.2 20.1 49.3 23.1 4.1 8.1 42.7 687.5 72.1
Druvis 621.0 118.8 45.0 20.1 55.8 22.6 3.7 10.3 42.5 651.0 80.4

Vidgji/mean | 615.9" 128.6° 40.5° 21.8° 49.0* 22.9° 3.9° 9.3" 46.1° 682.9° 65.5°

"'C — ciete / starch, g kg™'; PR — kopproteins / crude protein, g kg'; BG - B-glikani / -glucan, g kg'; KT — koptauki / crude fat, g kg™'; P — fosfors /
phosphorus, gkg'; PL — plekipainiba / hull content, %); TGM - 1000 graudu masa / 1000 kernel weigt, g; TM — tilpummasa / test weight, g L™'; RCI-
relativais cietibas indekss / relative hardness index; ? vid&jie raditaji katra salidzinajuma starp miezu formu pariem ar dazadiem burtiem auggraksta, ir
butiski atskirTgi p<0.05 limeni / trait mean values in each comparison between groups with different lebels on superscript are significant at the p<0.05.

16




Augstako noveértéjumu no Latvija selekcionétajam $kirné€m péc graudu
ktmiska sastava izmantoSanai abam majdzivnieku grupam sanéma Skirne
‘Gate’, kurai vidgji tris gados konstatéts augstakais cietes (641.7 g kg™') un
fosfora saturs (4.0 g kg") graudos, zemakais kokskiedras saturs graudos
(43.1 g kg"), tai raksturigs paaugstinats koptauku (23.7 g kg”) un vidgjs
kopproteina saturs graudos (120 g kg™).

Skime ‘Gate’, no pétijuma ieklautajam Latvija  selekcion&tajam
Skirném, péc graudu fizikalajiem un kimiskajiem raditajiem nodroSinajusi
zemako norm&to novirzu summu no velamo graudu fizikalo un kimisko
raditaju verttbam abam majdzivnieku grupam. Ja relativo cietibas indeksu
pienem ka galveno izlases kritériju, tad ta vairak piem&rota atgremotaju
majdzivnieku prasibam, jo atbilst genotipiem ar cietu endospermu
(RCI=67>60). Atgremotajiem majdzivniekiem piemeérotakas p&c graudu
fizikalajiem un kimiskajiem raditajiem ir arT miezu S$kirnes ‘Abava’ un
‘Rija’ (SD=9.0-11.4<SD,4-s=11.6).

HORDEINU DAUDZV}::IDiBAS IZVERTEJUMS VASARAS MIEZU
GENOTIPIEM AR DAZADU KOPPROTEINA SATURU GRAUDOS

Lai sekmigi veiktu augstveértigu miezu Skirpu selekcijas darbu,
selekcionaram ir jaizmanto péc iespéjas plasaka genétiska daudzveidiba, ka
arT metodes, kas paaugstina izlases efektivitati un dod iesp&u daudz atrak
uzsakt graudu kvalitates raditaju novertéSanu selekcijas materiala. Petjjuma
izmantoja protetna markieri, lai 52 genotipiem ar atSkirigu kopproteina
saturu graudos novértétu hordeinu profilu daudzveidibu un noteiktu dazadu
D, C un B hordeina profilu un atsevi§ku hordeina polipeptidu joslu saistibu
ar kopproteina saturu graudos.

Péc natrija dodecilsulfata poliakrilamida ggla elektroforézes (SDS-
PAGE) rezultatiem, pamatojoties uz proteina markiera un standartSkirnes
‘Igri’ hordeinu molekulmasas datiem, analiz€to miezu genotipu hordeinu
polipeptidu joslu molekulmasa bija no 35 lidz 94 kDa (kilodaltoniem).
Hordeinu polipeptidu joslu analize liecina, ka vasaras miezu skirnes ir
daudzveidigas péc D, C un B hordetnu polipeptidu joslu profiliem.

D hordeina polipeptidiem molekulmasa bija robezas no 82 Iidz 94 kDa.
Miezu genotipiem konstatgja 5 atSkirigus D hordeina profilus, kas sastavgja
no 4 polipeptidu joslam. Trisdesmit tris genotipi (22 divkansu pleksSnainie, 3
daudzkan$u plekspainie, 8 divkansu kailgraudu) no kopgja Skirpu skaita
raksturojas ar D3 hordeina joslu profilu, kuru viedo viena polipeptidu josla
ar molekulmasu 92 kDa.

C hordeina frakcija dazadam miezu formam konstatgja 16 hordeina
profilus, ko veidoja 10 hordeina polipeptidu joslas. C hordeina
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polipeptidiem molekulmasa bija robezas no 49 Iidz 66 kDa. Identificétos 16
C hordeina profilus veidoja 2 lidz 5 joslas. Divdesmit septinam pleksnaino
divkan$u miezu Skirném konstatéja 8 hordeina profilus, kurus veidoja 10
polimorfas polipeptidu joslas. Daudzkansu genotipiem izdalija 7 C hordeina
joslu profilus ar 7 polipeptidu joslam, bet kailgraudu genotipiem 7 C
hordeina profilus ar 8 hordeina polipeptidu joslam.

Analizétie genotipi bija daudzveidigi ari péc B hordeina profiliem.
Kopuma izdalija 28 B hordeina profilus ar 12 hordeina polipeptidu joslam.
B hordeina polipeptidiem molekulmasa bija robezas no 35 lidz 46 kDa.
Analizetajiem plekspainiem divkanSu miezu genotipiem konstateti 12
hordeina joslu profili, kurus veidoja 12 hordeina polipeptidu joslas. Sis
miezu formas devinas Skirnes raksturojas ar B3 hordeina joslu profilu,
pieciem genotipiem konstateéts B13 hordeina profils, bet seSiem divkansu
pléksnainajiem genotipiem konstat&ja atSkirigus B hordeina profilus. Visi
desmit analizétie daudzkan$u miezu genotipiem konstatéti savstarpgji
atSkirigi B hordeina profili. Analizgtajiem piecpadsmit kailgraudu miezu
genotipiem konstatéja 10 hordeina joslu profilus. B hordeina profili B10 un
B24 konstatéti vienlaicigi gan divkans$u, gan daudzkansu miezu genotipiem,
bet B6 un B20 — divkansu pleksnainajiem un kailgraudu miezu genotipiem.
Pamatojoties uz datiem par D, C un B hordeina joslu profiliem, klasteru
analizé analizetie genotipi sadalijas trTs grupas. Konstruéta dendrogramma
parada miezu daudzveidibas strukturéSanos, nemot veéra radniecibu starp
dazadam skirn@m p&c hordeina joslu profiliem (skat. 1. att.).

Vairakiem genotipiem konstatéts identisks hordeina joslu profils
(dendrogramma ar saiknes distanci 0), izdalot devinas lidzibas grupas ar 2
lidz 5 genotipiem katra grupa. Identiskus hordeina joslu profilus noveéroja
ne tikai starp vienas un tas paSas miezu formas genotipiem, bet arT starp
dazadam miezu formam. Miezu genotipi, kas dendrogramma sagrupgjas ar
saiknes distanci 1.4, ir 11dzigi péc vienas vai divam hordeina joslu profila
grupam (D, C vai B). Tie ir galvenokart Eiropas izcelsmes genotipi, kas
norada uz genétisko Iidzibu starp tiem. Sie genotipi izveidoja divus
klasterus jeb grupas péc hordeina profiliem. I grupa apvienoja galvenokart
plekspaino divkan$u miezu genotipus ar salidzino$i zemaku vidgjo
kopproteina saturu graudos (127.3 g kg™). Savukart II grupa apvienoja
genotipus ar paaugstinatu kopproteina saturu graudos (145.1 g kg™).
Novértgjot ar t-testu abu grupu vidgjo starpibu p&c kopproteina satura
graudos, konstatéts, ka $T starpiba bija butiska (p<0.01). III grupa apvienoja
genotipus ar savstarpgji atikirigiem hordeina joslu profiliem. So mieZu
genotipu izcelsme ir no attalakiem pasaules regioniem. Pie III grupas pieder
galvenokart Saja pétjuma ieklautie kailgraudu un daudzkansu miezu
genotipi ar paaugstinatu kopproteina saturu graudos (vidgji 150.2 g kg™).
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1. att. Dendrogramma, kas mieZu genotipus apvieno radniecigas grupas
(I, 11, I1I) pec hordeina joslu profiliem ar tuvaka kaimina klasteru
veidoSanas metodi.

Fig. 1. Dendrogram clustered genotypes in related groups (I, I1, I1I)
based on hordein banding patterns by the Neighbour-joining method.

Balstoties uz dazadu joslu profilu daudzveidibu, petijuma ieklautajiem
genotipiem kopuma identificgja 26 hordeina joslas. Novérota augsta
daudzveidiba péc C un B polipeptidu joslam. Visas identificétas hordeina
polipeptidu joslas bija polimorfiskas un ar t-testu konstatéts, ka 10
polipeptidu joslas uzradija biitisku saistibu ar kopproteina saturu graudos
(4. tabula).

Kopprotelna vidgja vertiba bija butiski augstaka hordeina polipeptidu
joslu Nr. 1, 7, 12, 15, 20 un 24 klatbtitn€ un iztriikkstot hordeta polipeptidu
joslam Nr. 2, 3, 5un 17. P&tjjuma rezultati parada, ka §1s min&tas hordeina
polipeptidu joslas var€tu izmantot miezu selekcijas materiala izlas€ péc
kopproteina satura graudos.
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4. tabula / Table 4
D, C un B hordeina polipetidu joslu klatbuitnes un iztrikuma saistiba
ar kopproteina saturu graudos
Associations between crude protein content and single D, C and B
hordein polypeptide bands

Joslas klatbiitne / Joslas iztrikums /
Presence of band Absence of band .
Joslas - Vidgjo
Nr./ Gin(?ttlr)/u Kopproteins / Genotipu Kopproteins | starpiba /
Band Ifluillkier Crude skaits / / Crude Mean
No of proteirll, Number of proteirll, difference’
genotypes gkg genotypes gkg
D hordeins / D hordein
1 7 160.9 45 137.0 23.9%*
2 5 131.7 47 141.1 9.4%*
3 37 136.3 15 149.9 13.5*
4 7 147.3 45 139.1 8.2
C hordeins / C hordein
5 21 128.5 31 148.2 19.7%*
6 34 140.5 18 139.5 1.1
7 7 165.7 45 136.9 29.2%*
8 4 144.9 48 139.8 5.2
9 2 175.6 50 138.8 36.8
10 5 146.7 47 139.5 7.2
11 40 140.4 12 139.7 0.7
12 48 142.1 4 117.2 24.9%*
13 41 139.6 11 142.6 3.0
14 8 140.8 44 140.1 0.7
B hordeins / B hordein
15 16 151.7 36 135.1 16.6**
16 9 142.9 43 139.7 3.3
17 36 135.2 16 151.5 16.3%*
18 29 143.1 23 139.1 4.0
19 30 143.1 22 136.7 6.4
20 16 149.9 36 135.3 14.6**
21 17 145.6 35 137.6 7.9
22 38 141.3 14 137.5 3.8
23 5 139.2 47 140.3 1.2
24 41 141.9 11 133.7 8.2*
25 5 141.5 47 140.1 1.4
26 10 145.5 42 139.0 6.6

D %% yidejo starpiba ir butiski atskiriga p<0.05 un p<0.01 limeni/ mean difference

cionificant at the 0.05 and 0.01 level respectively.
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KORELATIVAS SAKARIBAS STARP MIEZU GRAUDU
KVALITATES RADITAJIEM

Korelativas sakaribas starp viena grauda masu un viena grauda
diametru bija bitiskas (p<0.05) gan pléksnainajiem (rp=0.788>1(05s=0.396),
gan kailgraudu mieziem (rg=0.845>r)0s=0.553). Linearo sakaribu izp&te
paradija, ka abam miezu formam starp 1000 graudu masu (TGM), viena
grauda diametru (GD), un viena grauda masu (GM) ir bitiska korelacija:

o pleksnainie rgp.rgm=0.646, R2=0.417; p<0.01;
romrom=0.923, R*=0.852; p<0.001;

e kailgraudu rgp.rgm=0.620, R’=0.384, p<0.05;
romram=0.832, R*=0.692; p<0.001.

P&éc graudu masas un diametra nevar spriest par graudu tilpummasu, jo
starp Siem raditajiem nekonstatéja linearas sakaribas. Bitiskas linearas
sakaribas nepastavéja ari starp 1000 graudu masu un tilpummasu.

Bitisku pozitivu korelaciju konstatja starp graudu relativo cietibas
indeksu un B-glikanu saturu plekspaino divkansu miezu formam

(r2—k,Pl =0.41 8>r0‘05:0.396).

Ciesa un butiska (p<0.05) negativa korelacija visos parbaudes gados bija
starp kopproteina un cietes saturu gan pleékSnainajiem (r=0.868), gan
kailgraudu miezu genotipiem (r=0.929). Pozitiva korelativa sakariba starp
kopproteina saturu un koptauku saturu graudos konstateta tikai divkansu
pleksnainajiem mieziem, kas bitiska bija 2006.gada
(rp=0.738>1p;005=0.396) un, statistiski analiz&jot tris gadu vid€jos datus
pétijuma perioda (rp=0.531>1p;005=0.396). Analizgjot sakaribas starp
kopproteina saturu graudos un citiem graudu kimiskajiem kvalitates
raditajiem, butiska (p<0.05) pozitiva korelacija gan plék$nainajiem, gan
kailgraudu mieziem konstateta starp kopproteina un fosfora saturu graudos
(rp=0.545; r¢=0.820). P&tjuma gan pleksnainajiem, gan kailgraudu mieziem
atseviskos gados konstatéta bitiska pozitiva korelativa sakariba starp
graudu tilpummasu un cietes saturu.

Divkansu pleks$painajiem mieziem ar augstaku tilpummasu bija zemaks
kokskiedras saturs graudos (rp=-0.419, 1¢s=0.381), kas ir v€lams no
lopbaribas kvalitates viedokla. Tapéc tilpummasu varétu izmantot ka
vienkarsu izlases krit€riju energijas un sagremojamibas palielina$anai mie-
zu graudos. Pieaugot cietes saturam graudos, samazinas ne tikai kopprotei-
na saturs, bet arT kokskiedras (rp=-0.471; rx=-0.539), koppelnu (rp=-0.673;
rk=-0.673), fosfora saturs (rp/=-0.600; rx=-0.845) graudos pleéksnainajiem un
arT kailgraudu mieziem, ka arT koptauku saturs plekspainajiem mieziem
(rp=-0.566). Sis minétas korelativas sakaribas bija bitiskas 0.05% ticamibas
liment.
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Korelacijas koeficientu vertibas un to biitiskums starp graudu kvalitates
raditajiem bija atSkirigs pleékSnainajiem un kailgraudu mieziem. Biitisku
pozitivu korelaciju starp koptaukiem un -glikanu saturu graudos konstatgja
tikai kailgraudu mieziem (rg=0.710>10s=0.514). Tas paver iesp&jas veikt
kailgraudu miezu skirnu selekciju, kas raksturojas ar paaugstinatu p-glikanu
un koptauku saturu graudos.

Galveno komponentu analize izmantota, lai pétitu korelativo sakaribu
iek$gjo struktiiru, izdalot vairakus faktorus jeb galvenos komponentus (GK),
kas ir savstarpgji neatkarigi. Galveno komponentu analiz€é izdaliti tris
galvenie komponenti, kas pléksnainajiem mieziem kopa izskaidro 73%, bet
kailgraudu mieziem 85% no datu kopgjas dispersijas sakotngja korelaciju
matrica.

Pleksnainajiem mieziem kopproteina, koptauku, koppelnu un fosfora
saturam ar GK1 ir pozitiva korelacija (komponentu slodzes 0.910, 0.732,
0.654 un 0.765), bet ar cietes saturu graudos — biitiska negativa korelacija
(-0.906) (5. tabula).

5. tabula/Table 5
Galveno komponentu slodzes divkanSu kailgraudu un plék§paino miezu
graudu kvalitates raditajiem, videji 2004. - 2006. g.'
Principle component loadings for grain quality traits in two-row
covered and hulless barley, mean 2004-2006

Galvenie komponenti / Principle components
Pazime/Trait Pleksnainie/Covered Kailgraudu/Hulless
1 2 3 1 2 3

1000 graudumasa/ | 933 | 9769 | 0212 | 0297 | -0023 | 0.904
1000 grain weight

Tilpummasa /

-0.087 | 0.702 | -0.155 | -0.341 | -0.652 | -0.025

Test weight
Kopproteins / 0.910 | -0.133 | 0.182 | 0.952 | 0.041 | 0.195
Crude protein
Ciete / Starch -0.906 | 0288 | -0.124 | -0.924 | -0252 | -0.189

Koptauki / Crude fat | 0.732 | -0.004 | -0.349 | -0.057 | 0.669 | -0.699
B-glikani / B-glucans | -0.028 | 0.049 | 0.930 | -0.005 | 0.887 | -0.094

Kokskiedra /
Crude fibre

Koppelni / Crude ash | 0.654 | -0.444 | 0.321 | 0.699 | 0.008 0.530
Fosfors / Phosphorus | 0.765 | 0.039 [ -0.379 | 0.780 | 0.363 0411

" zceltas slodzes >0.5 / pointed loadings>0.5

0.280 | -0.741 | -0.018 | 0.765 | -0.577 | -0.077
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GK1 apvieno plekSnaino miezu genotipus ar paaugstinatu kopproteina,
koptauku un koppelnu saturu graudos un pazeminatu cietes saturu graudos.
Savukart GK2 pieder genotipi ar paaugstinatu 1000 graudu masu un
tilpummasu (slodzes attiecigi 0.769 un 0.702) un pazeminatu kokskiedras
saturu graudos (slodze -0.741). Pleksnainajiem mieziem lielaka saikne ar
GK3 ir tikai B-glikanu saturam graudos (slodze 0.930), kas norada, ka
pleksnainajiem mieziem starp B-glikanu saturu graudos nepastav korelativas
sakaribas ar pargjiem graudu kvalitates raditajiem. Kailgraudu mieziem ar
galveno koponentu analizi izdalitie trTs galvenie komponenti atSkiras pec to
saistibas ar graudu kvalitates fizikalajiem un kimiskajiem raditajiem. Ar
GK1 pozitiva korelacija bija kopproteina (komponenta slodze 0.952),
kokskiedras (0.765) un koppelnu (0.699) un fosfora saturam (0.780), bet
negativa cietes saturam (-0.924). Tas norada, ka izdalas kailgraudu miezu
genotipi ar paaugstinatu kopproteina, kokskiedras, koppelnu, fosfora saturu
un pazeminatu cietes saturu graudos. Galveno komponentu analizé GK2
galvenokart saistams ar paaugstinatu p-glikanu un koptauku saturu graudos
(slodzes attiecigi 0.887 un 0.669). Sadiem kailgraudu genotipiem bis
pazeminata tilpummasa un kokskiedras saturs graudos, uz ko norada
negativa korelacija starp GK2 un minétajiem graudu kvalitates raditajiem
(slodzes attiecigi -0.652 un -0.577). GK3 izdala kailgraudu genotipus, kuri
raksturojas ar paaugstinatu 1000 graudu masu (0.904) un koppelnu saturu
graudos (0.530), bet kuriem ir pazeminats kopptauku saturs graudos
(-0.699).

legtitos rezultatus galveno komponentu analiz€ iesp&jams izmantot
selekcija, lai meérktiecigi planotu hibridizacijas programmu, savstarp&ji
krustojot genotipus, kas pieder pie dazadam galveno komponentu grupam.

GENOTIPA UN VIDES IETEKME UZ GRAUDU KVALITATES
RADITAJIEM

Lai noskaidrotu cik lielu dalu no pazimes vertibu vari€Sanas tris
petijuma gados ir saistama ar faktoriem — Skirni, gada agromete-
orologiskajiem apstakliem (turpmak: gads) un $o faktoru mijiedarbibas
ietekmi, noteica So faktoru ietekmes relativo ipatsvaru kopgja dispersija.
Izvertgjot katra faktora relativo ieguldijumu uz kvalitates raditaju mainibu,
konstatéts, ka Skirnes ka faktora ietekmes Tpatsvars (n°%) uz analiz&to
pazimju mainibu divkan$u pléks$painajiem mieZiem bija bitisks (p<0.01) uz
visu analizéto graudu kvalitates raditaju mainibu, iznemot kokskiedras
saturu graudos. Visaugstakais §1 faktora ietekmes Tpatsvars bija uz
tilpummasu (n°%=81.0). Pleksnainajiem daudzkan$u mieziem genotipa
ietekme uz 1000 graudu masas, tilpummasas, kopproteina, cietes, B-glikanu
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un kokskiedras mainibu bija statistiski bitiska (p<0.01). Divkansu
kailgraudu mieziem Skirnes ka faktora ietekme bija biitiska (p<0.01) uz visu
pazimju mainibu. ST faktora ietekmes Tpatsvars pétitajam pazimém varigja
no 67% lidz 86%.

Gada ka faktora ietekmes Tpatsvars uz graudu kvalitates raditaju mainibu
picauga, ja graudu kvalitates raditaju mainibu analizgja atseviski
plekspainajam un kailgraudu miezu formam. Plekspainajiem divkansu
mieziem gada ka faktora ietekme bija butiska (p<0.01) uz visu pazimju,
iznemot tilpummasas un B-glikanu satura, mainibu. Visaugstakais §1 faktora
ietekmes Tpatsvars divkanSu pleékSpainajiem mieziem bija uz koppelnu
saturu (1°%=59.0). Kailgraudu mieziem gada ka faktora ietekme bija
biitiska uz kopproteina, koppelnu, kokskiedras satura (p<0.01), 1000 graudu
masas un cietes satura graudos mainibu (p<0.05). Plekspainajiem
daudzkansu mieziem gads ka faktors biutiski neietekm&ja koptauku,
B-glikanu, koppelnu satura un tilpummasas mainibu.

Ar t-testu konstatets, ka 2004. gada vasaras mieziem bija bitiski
(p<0.05) augstakais koppelnu saturs un 1000 graudu masa pé&tijuma perioda.
Visaugstakais kokskiedras saturs miezu graudos bija 2005. gada. Saja gada
miezu genotipi veidoja butiski zemaku 1000 graudu masu. 2006. gada
mieziem bija biutiski (p<0.05) augstakais kopproteina saturs graudos
(150.8 g kg™"), ka arT biitiski zemaks cietes (606.8 g kg) un kokskiedras
saturs graudos (36.9 g kg™) (6. tabula).

Lai noskaidrotu graudu kvalitates atskiribu c€lonus dazados pétijjuma
gados, izmantoja fenologiskos un meteorologiskos datus. Graudu veido-
Sands periods pétijuma pienemts ka periods no plaukSanas Iidz noga-
tavoSanas fazei, kas meteorologisko datu salidzinas$anai, sadalits divas
vienadas dalas (katra dala ilgst no 20 lidz 25 dienam atkariba no §1 perioda
garuma) — graudu veidoS$anas perioda pirma puse un graudu veidoSanas pe-
rioda otra puse.

Fenologisko novérojumu datu analize liecina, ka augu attistibas periodu
(00-91. etaps, 00-55. etaps, 55-91. etaps) garumi vasaras mieziem tris
petijuma gados bija atSkirigi. Visgarakais graudu veidoSanas periods
konstatéts 2005. gada (51 diena), kad vidgjais kopproteina saturs mieziem
bija butiski zemaks neka citos petijuma gados. Savukart 2006. gada, kad
kopproteina saturs bija butiski augstakais, vidgjais graudu veidoSanas
perioda garums bija visisakais (40 dienas). Graudu veidoSanas perioda
kopuma vidgja gaisa temperatiira nebija butiski atskiriga. Tomér analizgjot
vidgjo diennakts gaisa temperatiiras reZimu graudu veidoSanas perioda
pirmaja un otraja pus€, konstatétas batiskas (p<0.05) atskiribas pa gadiem.
Graudu veidosanas perioda pirmaja pusé biitiski augstaka vidgja gaisa
temperatiira konstatéta 2006. gada (19.4 °C). Turklat $aja gada nogata-
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vos$anas perioda pirmaja pusé€ bija seviski sauss (nokrisnu summa 5.1 mm).
Gada ar paaugstinatu temperatiru un nelieliem nokriSpiem graudu
veidosanas perioda, ka tas bija 2006. gada, vidgjais kopproteina saturs
graudos bija bitiski augstaks neka 2004. un 2005. gada. Ta ka
nogatavo$anas perioda pirma puse ir saistita galvenokart ar §tnu daliSanas
periodu cieti veidojosaja grauda endosperma, tad karstais un sausais laiks
saisinaja ST perioda garumu, ta ietekmgjot cietes akumulaciju, ka rezultata
2006. gada mieziem bija biitiski zemaks cietes un butiski augstaks
kopproteina saturs graudos. Ta ka miezus lopbariba izmanto galvenokart ka
energijas avotu, tad karsti un sausi apstakli graudu nogatavo$anas perioda
var samazinat to energétisko vertibu. Lai arf 2005. gada, kad konstatgja
butiski zemako kopprotelna saturu graudos un augstako cietes saturu
graudos, graudu veidoSanas periods arT bija salidzinosi silts (17.0°C), tomér
S$aja gada $is periods kopuma bija Joti bagats ar nokrisniem (168.4 mm), kas
sekmgja pastiprinatu cietes veido$anos miezu grauda endosperma.

6. tabula/Table 6
Vidgjie vasaras mieZu graudu kvalitates raditaju raksturojums,
videji 2004.-2006.g.
Characterisation of grain quality of spring barley, mean 2004-2006

Pazime/Trait 2004 2005 2006
1000 graudu masa / 1000 grain weight, g | 45.5* 41.8° 44.4°
Tilpummasa / Test weight, g L™ 701.8* | 695.6° | 697.0°
Kopproteins / Crude protein, g kg™ 137.3° | 132.2° 150.8*
Ciete / Starch, g kg™ 619.4" | 624.9* | 606.8°
Koptauki / Crude fat, g kg™ 23.0° 24.6° 23.7°
B-glikani / p-glucan, g kg 42.7° 42.1° 43.2°
Koppelni / Crude ash, g kg 24.3° 21.6° 22.2°
Kokskiedra / Crude fibre, g kg’ 42.3° 43.8* 36.9¢

' vidgjie katrd salidzindjuma pari starp gadiem ar dazadiem burtiem augsraksta ir bitiski

atSkirigi p<0.05 Itmeni / trait mean values in each comparison between years with different
lebels on superscript are significantly different at the p<0.05.

Novertgjot ar variacijas koeficientu astonu pazimju mainibu tris
petijuma gados Latvija selekciongtajam S$kirn€m, konstatéts, ka tam
dazadiem graudu kvalitates raditajiem ir atSkiriga stabilitate pa gadiem.
Viszemaka mainiba noveértétajam pazimém konstateéta daudzkanSu miezu
Skirnei ‘Druvis’, kurai variacijas koeficients visam pazimém, izgemot
kokskiedras saturam, bija zemaks par pazimes vid&jo variacijas koeficienta
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vertibu (visu pazimju vidgjais variacijas koeficients Skirnei 3.9%). Vidgjais
variacijas koeficients novertétam pazimém bija zems arT alus mieZu Skirném
‘Rasa’ (V%=5.4), ‘Klinta’ (V%=5.5) un ‘Ansis’ (V%=6.6), ka arl
lopbaribas miezu $kirnei ‘Linga’ (V%=6.7). Lopbaribas miezu Skirnei
‘Linga’ pa gadiem stabilakas pazimes bija tilpummasa, kopproteina, cietes
un koptauku saturs. Lidzigus rezultatus analiz€to pazimju mainibas
struktlira paradija arm miezu Skirne ‘Abava’. Savukart alus miezu Skirnei
‘Sencis’ piecas pazimes (tilpummasa, kopproteina, f-glikanu, kokskiedras,
koppelnu saturs) bija ar salidzinoS$i augstu mainibu pa gadiem. Tapéc
kopuma Skirnei ‘Sencis’ graudu kvalitate pa gadiem bija visnestabilaka
(V%=9.6).

MIEZU GRAUDU KVALITATES RADITAJU NOVERTEJUMS F,
UN Fs; HIBRIDAS PAAUDZES LINIJAM

S1 nodala sniegs rezultatu analizi par F, un Fs paaudzes pleksnaino un
kailgraudu Imiju graudu kvalitates raditajiem (1000 graudu masa,
kopproteina, cietes, B-glikanu saturs graudos), kas iegtitas no 6 krustojumu
kombinacijam starp plekSpainiem un kailgraudu genotipiem. P&tijuma
ieklautas 34 pleksnainas un 40 kailgraudu linijas analiz€ja no lopbaribas
graudu kvalitates perspektivas. Novert€ja So pazimju iedzimstamibu starp
F4 un F5 paaudzi plekspainajam un kailgraudu linijam.

Izmantojot klasteru analizi, ITnijas p&c analiz&tajiem graudu kvalitates
raditajiem sadalitas grupas. Pleksnaino miezu linijam veidojas 4 grupas, bet
kailgraudu Iinijam - 3 grupas. Katrai pazimei, ar t-testu salidzinot katras
grupas vidgjo starpibas bitiskumu, konstatéts, ka grupas gan
pleksnainajiem, gan kailgraudu mieziem bitiski (p<0.05) atskiras viena no
otras tikai pec kopproteina un cietes satura graudos. Nemot vera cietes un
kopproteina saturu graudos, ka augstveértigakas no lopbaribas kvalitates
viedokla uzskatamas 6 pleksnaino miezu linijas, kas raksturojas ar vidgju
kopproteina saturu (137.0-148.0 g kg') un paaugstindtu cietes saturu
graudos (612-623 g kg'). Linijas raksturojas ar salidzino§i labu 1000
graudu masu (48.0-54.7 g) un, salidzinot ar citu grupu linijam, tam bija
augstakais vidgjais B-glikanu satura graudos — 39.3 g kg™ (37.0 - 44.0 g kg').
No lopbaribas viedokla $ads B-glikanu saturs ir atbilsto$s izmantoSanai gan
ciiku, gan putnu &dinasana. Kailgraudu mieZiem péc cietes un kopproteina
satura graudos kvalitativas lopbaribas kritérijam vislabak atbilda 13 Iinijas,
kuram bija vid&js kopproteina saturs (121.0-144.5 g kg™) un paaugstinats
cietes saturs graudos (625.5-657.0 g kg™). Visaugstako 1000 graudu masu
(>50 g) saja grupa konstatgja Imijam ‘L-557" (Justina/L 302) un ‘L-652’
(Austris/Danuta//Freedom). B-glikanu saturs graudos S§im izdalitajam
[inijam varigja no 47.0 lidz 53.5 g kg'. B-glikanu saturs, kas parsniedz
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50 g kg' $aja grupa konstatéts kailgraudu Iinijam ‘L-575” (Simba/Wanubet)
un ‘L-822” (Gate/Freedom).

Linijju proteina Kkvalitates noveértéSanai izveéleta krustojumu
kombinacija 04-09 (Justina/L 302), kur vecakaugiem bija visliclaka starpiba
péc kopproteina saturu graudos (40 g kg') un iegiito pleékspaino un
kailgraudu miezu lmiju populacijai péc kopproteina satura bija augstakais
variacijas  koeficients.  Rezultatu  analiz€ uzmaniba  pievérsta
neatgremotajiem  majdzivniekiem  svarigakajam  neaizvietojamam
aminoskabém (NA) (liZins, metionins, cistins, treonins, triptofans,
izoleicins, leicins, valins) un tam aizvietojamam aminoskabém (AA)
(glutaminskabe, prolins), kas miezu proteina sastada procentuali lielako
dalu. Augsta proteina kailgraudu Iinijai ‘L 302’ ir augstadks gan
aizvietojamo, gan neaizvietojamo aminoskabju saturs sausna, salidzinot ar
pleksnaino miezu $kirni ‘Justina’. Novéroja vid&ju Iidz augstu mainibu péc
aminoskabju satura sausna abu miezu formu Ilinijjam — plek$painajam
Iinijam pazimju variacijas koeficients varigja no 13.2 lidz 20.1%, bet
kailgraudu lmijam — no 9.3 Iidz 19.8%. Lizina saturs sausna pleksnainajam
linijam varigja no 2.9 lidz 4.6 g kg™ (V%=17.1), bet kailgraudu linijam — no
3.3 lidz 4.4 gkg' (V%=11.0).

Lai salidzinatu aminoskabju saturu graudu sausna (g kg™) un proteina
(g 100 g proteina) miezu graudiem ar atskirigu kopproteina saturu,
plekspainos un kailgraudu miezu genotipus no krustojumu kombinacijas
04-09 (Justina/L 302) sadalija divas grupas — kopproteina saturs graudu
sausna < 140 g kg” (1. grupa) un >140 g kg' (2. grupa), kur vidgjais
kopproteina saturs abam mingtajam grupam bija bitiski (p<0.05) atskirigs
(attiecigi 129.2 un 156.7 g kg™") (7. tabula). Rezultdtu analizé konstatéts, ka
vidgjais NA un AA aminoskabju saturs graudu sausna (g kg™) bija bitiski
(p<0.05) augstaks genotipiem ar paaugstinatu kopproteina saturu graudos.
Tomér proteina kvalitate abam minétajam genotipu grupam bija Iidzvertiga,
ko apstiprina nebitiska starpiba starp 1. un 2. grupas genotipiem péc NA un
AA aminoskabju satura proteina (g 100 g proteina). Augstakais NA saturs
proteina konstatets lijam ‘L-567" (21.5 g 100 g proteina), ‘L-559° (20.6 g
100 g protetna) un ‘L- 568’ (19.9 g 100 g proteina), kas parsniedz arT abas
vecakaugu $kirnes. Kopproteina saturs $Tm linijam varigja no 124 idz 139 gkg.

Novértgjot proteina kvalitati (NA un AA aminoskabju attiecibu
proteina) genotipiem ar atSkirigu kopproteina saturu graudos, konstatéts, ka
sabalansétaks proteins péc NA un AA satura 100 g proteina, ir genotipiem
no 1. grupas (kopproteina saturs <140 g kg), ka norada ari $aja grupa
butiski (p<0.05) augstaka NA un AA aminoskabju grupu attieciba proteina.
Kopuma var secinat, ka pieaugot kopproteina saturam graudos, pieaug gan
NA, gan AA saturs graudu sausna. Noveértgjot NA un AA aminoskabju
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attiecibu proteina (g 100 g proteina), labakos rezultatus paradija miezu
genotipi ar vid&ju kopproteina saturu graudos — no 119 lidz 138 g kg™
Genotipiem ar paaugstinatu kopproteina saturu graudos (>140 g kg™, no
lopbaribas kvalitates viedokla, ir sliktaka NA un AA aminoskabju attieciba

proteina.

7. tabula/Table 7
Neaizvietojamo (NA) un aizvietojamo aminoskabju (AA) saturs
graudu sausna (g kg™') un proteina (g 100 g proteina), 2008. g.
Content of the essential (NA) and nonessential amino (AA) acids
in the dry matter of grain (g kg™') and in the protein (g 100 g protein),

2008. g.
Kop- Aminoskibes / Amino acids’
) For- | protemna gkg! g 100 g proteina/protein
Genotips / ma / saturs /
Genotype Type Crude NA/AA
I protein, NA AA NA AA attieciba
gkg! / ratio
1. grupa (kopproteina saturs <140 g kg™") / Group 1 (crude protein<140 g kg™
Justinad Pl 119.0 20.9 33.7 17.6 28.3 0.62
L-558 Pl 118.0 22.2 39.8 18.8 33.7 0.56
L-567 Pl 124.0 26.6 42.6 21.5 34.4 0.62
L-565 Pl 126.0 19.3 33.8 153 26.8 0.57
L-568 Pl 127.0 252 42.4 19.9 334 0.60
L-559 Pl 139.0 28.6 49.2 20.6 354 0.58
L-562 K 1350 | 204 | 358 | 151 | 265 0.57
L-571 K 1370 | 265 | 473 | 193 | 345 0.56
L-557 K 138.0 22.3 42.8 14.0 31.0 0.45
Videji / Mean | 129.2°% | 23.6" | 40.8" | 18.0" | 31.5* | 0.57°
2. grupa (kopproteina saturs >140 g kg™") / Group 2 (crude protein>140 g kg™
L-556 K 150.0 26.6 47.7 16.6 31.8 0.52
L-555 K 154.0 23.2 43.9 15.1 28.5 0.53
L-570 K 156.0 27.1 52.9 17.4 33.9 0.51
L-569 K 160.0 29.6 54.8 18.5 34.2 0.54
L-564 K 161.0 26.5 49.2 16.5 30.6 0.54
L 3029 K 159.0 30.1 57.5 19.5 37.4 0.52
Vidgji / Mean | 156.7° 27.2° 51.0° 17.2° 32.5° 0.53"

"Pl-pleksnains / covered; K — kailgraudu / hulless; 2 NA - neaizvietojamo aminoskabju summa
/ summ of essential amino acids; AA - aizvietojamo aminoskabju summa / summ nonessential
amino acids; *vidgjie katr salidzinajuma starp grupam , kuriem seko dazadi burti augsraksta, ir
bitiski atskirigi pie p<0.05 limena / trait mean values in each comparison between groups with

different lebels on superscript are significantly different at the p<0.05.
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Salidzinot kailgraudu un plekspainas linijas ar vecakaugu Skirn€m,
atrastas linijas, kas uzradija gan pozitivu, gan negativu transgresiju, tas ir,
abus parbaudes gadus tas péc kada no Cetriem analizétajiem graudu
kvalitates raditajiem parsniedza abus vecakaugus pozitiva vai negativa
virziena. Starp plék$paino miezu linijam pozitiva transgresija novérota 7
Iinijam p&c 1000 graudu masas un 2 linijam p&c kopproteina satura graudos.
No analizétajam kailgraudu Iinijam, 27 Imijam noverotas pozitivas
transgresivas IpaSibas péc kada no Cetriem analiz&tajiem graudu kvalitates
raditajiem. Sis plek$painas un kailgraudu Iinijas uzskatams ka perspektivs
materials turpmakajam selekcijas darbam. Lai arT plek$paino miezu Inijam
pec cietes satura pozitivi trasgresivas Itnijas nekonstatgja, tomer var izlasit
Iiijas, kuru cietes saturs abas hibridajas paaudzes ir bijis augstaks par
pleksnaina vecakauga §is pazimes vertibu. Ipasi jaatzimé kailgraudu $kirne
‘Freedom’ (Kanada), kuras ieklausana krustojumu kombinacija 04-41
(Gate/Freedom), salidzinot ar citam krustojumu kombinacijam, devusi
pleksnaino miezu linijas ar vidgji augstako cietes saturu graudos.

Graudu kvalitates raditaju iedzimstamiba (H”) raksturota divéjadi — ar
starppaaudzu korelacijas koeficientu (r) un ar linearas regresijas koeficientu
(b), regresgjot Fs paaudzes lmiju datus pret atbilstoSiem F, paaudzes Imniju
datiem (8. tabula). Korelacijas analize starp F4 un Fs hibridas paaudzes
kailgraudu un pleksnpainajam Itnijam liecina, ka §1s sakaribas ir pozitivas un
butiskas (p<0.05) visiem analiz&tajiem graudu kvalitates raditajiem.

Novertgjot iegiito korelacijas koeficientu cieSumu, konstatets, ka vidgji
cieSs un salidzino$i augstakais starppaaudzu korelacijas koeficients gan
plekspainajiem, gan kailgraudu mieziem bija cietes saturam (attiecigi
rrg.p5=0.580 un 0.635; p<0.01). Aprckinatie determinacijas koeficienti
starppaaudzu korelativajam sakaribam 1000 graudu masai, kopproteinam un
B-glikaniem varigja no 11 lidz 35%, kas norada uz salidzinosi lielu
genotipa un vides mijiedarbibas ka faktora ietekmi uz $o miezu Iiniju
graudu kvalitati raksturojoSo pazimju mainibu. Konstatets, ka augstakais
linearas regresijas koeficients gan pleksnpainajiem, gan kailgraudu mieziem
bija cietes saturam graudos (atbilsto$i b=0.549 un 0.703; p<0.01), bet
kailgraudu mieziem 1000 graudu masai (b=0.517; p<0.01). Samazinatas §1
koeficienta vertibas abam miezu formam konstatetas kopproteina un f3-
glikanu saturam graudos, kas norada, ka So graudu kvalitates raditaju
fenotipu liela mera ir noteikusi genotipa un vides faktoru mijiedarbiba.

P&tijuma rezultati par pazimju iedzimstamibu liecina, ka veikt izlasi F,
hibridaja paaudz€ gan plekspainajiem, gan kailgraudu mieziem ir
mérktiecigak péc cietes satura graudos, bet kailgraudu mieziem — ar péc
1000 graudu masas.
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8. tabula / Table 8
Pleksnaino un kailgraudu mieZu liniju graudu kvalitates raditaju
iedzimstamibas raksturojums
Characteristic of heritability for hulless and covered spring barley lines

Vidgji/ Mean H’

2
F, | Fs r | b RT%

Pazime / Trait

Pleksnainas Iinijas / Covered lines

1000 graudu masa / al b %2 * %
1000 kernel weight, 53.5 49.3 0.405 0.341 16

Kopprotems /1 13890 | 1314 | 0.508% | 0368 | 36+
Crude protein, g kg

Ciete / Strach, g kg™ | 607.7° | 621.5% | 0.580%* | 0.549%* | 34**

B-glikani / | 34.1° | 42.9° 0.336* 0.342* 11
B-glucans, g kg

Kailgraudu Itnijas / Hulless lines

1000 graudu masa / a b sk % *%
1000 kernel weight, g 48.9 47.1 0.523 0.517 27

Kopprotetns / Crude | 155 4o | 139,50 | gasgex | 0347%% | 21%*
protein, g kg

Ciete / Strach, gkg” | 618.9° | 640.8* | 0.635%* | 0.703** | 40**

B-glikani / 447° | 52.9° | 0.593%* | 0.373%*% | 35%*
B-glucans, g kg

'pazimes vidgjie katra salidzinajuma starp F, un Fs hibrido paaudzi, kuriem seko dazadi burti
augsraksta, ir butiski atskirigi pie p <0.05 limena / means for the same trait in each comparison
between progenies followed by different letters are significantly different at the 0.05 level;

2% % bitisks pie p<0.05 un p<0.01 ticamibas [imena / significant at 0.05 and 0.01 probability
level,
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SECINAJUMI

Petijuma konstatétie pozitivie genotipiskas korelacijas koeficienti
starp: cietes saturu un tilpummasu, kopproteina un koptauku saturu,
kopproteina un fosfora saturu, relativas cietibas indeksu un B-glikanu
saturu, dod iesp&ju izlases procesa vienlaicigi uzlabot abus graudu
kvalitates raditajus. Korelativo sakaribu trikums starp kopproteina un
B-glikanu saturu graudos nodroSina iespgju, atkariba no izvirzita
selekcijas mérka, veidot lopbaribas miezu Skirnes ar dazadam $o abu
raditaju vertibam.

Izvertgjot korelativas sakaribas, galveno komponentu analizé
pléksnainie un kailgraudu genotipi sadalas grupas ar savstarpgji
atSkirigam graudu kvalitates fizikalo un kimisko raditaju veértibam.
Ieglitos rezultatus var izmantot selekcija, lai mérktiecigi planotu
hibridizacijas programmu, savstarpgji krustojot genotipus, kas pieder
pie dazadam galveno komponentu grupam.

Augstakais ietekmes Tpatsvars uz graudu kvalitates mainibu ir $kirnes
genotipam. Ari gada meteorologiskie apstak]i bitiski ietekmé visu
analizéto graudu kvalitates raditaju, iznemot tilpummasas un p-glikanu
satura, mainibu. Cietes un kopproteina saturu pétijuma gados bitiski
ietekméja diennakts gaisa vidgja temperatiira un nokrisSnu daudzums
graudu veidoSanas perioda pirmaja puse.

Veikt izlasi F4 hibridaja paaudzé ir mérktiecigak p&c cietes satura
graudos gan plékspainajiem, gan kailgraudu mieziem, un p&c 1000
graudu masas - kailgraudu mieziem, jo §Tm pazimém konstatSja videju
iedzimstamibu.

Pleksnaino lopbaribas miezu Skirpu selekcijai ka izejmaterialu
lietderigak izmantot divkan$u miezu formas, jo p&c graudu kvalitates
fizikalajiem (tilpummasas, 1000 graudu masas, plekSnainibas) un
kimiskajiem raditajiem (cietes un kokSkiedras satura graudos), tie
raksturojas ar bitiski augstaku lopbaribas kvalitati neka daudzkansu
miezi.

Kailgraudu miezu genotipiem, salidzinot ar plekSpainajiem mieziem,
ir buitiski augstaka tilpummasa, cietes, B-glikanu, koptauku un fosfora
saturs graudos, kas atbilst kvalitativas lopbaribas raksturojumam, tapec
biitu vélams attistit kailgraudu lopbaribas miezu selekcijas virzienu.
Lai iegiitu plekspaino miezu linijas ar paaugstinatu kopproteina vai arl
B-glikanu saturu graudos un kailgraudu linijas ar paaugstinatu 1000
graudu masu vai pazeminatu B-glikanu saturu graudos, ieteicams
savstarpgji krustot pleksnpainos un kailgraudu genotipus. Krustojumu
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kombinacijas ir iesp&jams atlasit plekspainas un kailgraudu linijas ar
noturigu pozitivu transgresiju.

8. Augstakais lizina saturs sausna un proporcija proteina, un
sabalansétakais proteins pe&c neaizvietojamo un aizvietojamo
aminoskabju sastava, konstatéts miezu genotipiem ar vidgu
kopproteina saturu graudos (120-140 g kg™). Atlasitas pleksnaino un
kailgraudu miezu Fs paaudzes Iinijas ar vidéju kopproteina un
paaugstinatu cietes saturu graudos, kas izmantojamas ka perspektivs
izejmaterials lopbaribas miezu skirnu selekcijas darbam.

9. Miezu genotipi ir daudzveidigi p&c hordeinu profiliem - konstatétas 26
hordeina polipeptidu joslas, kas veidoja 5 D hordeina, 16 C hordeina
un 28 B hordeina profilus. Atrastas biitiskas atSkiribas p&c kopproteina
satura graudos starp genotipiem ar noteiktiem D, C un B hordeinu
joslu profiliem. SeSu hordeina polipeptidu joslu klatbiitne un ¢éetru
hordeina polipeptidu joslu trikums miezu genotipiem norada uz
bitisku atskiribu péc kopproteina satura graudos.

10. Pieraditas 13 Latvija selekcionéto Skirnu nozimigas atSkiribas péc
graudu lopbaribas kvalitates fizikalo un kimisko raditaju integrala
novertejuma. Graudu cietibas indeksam Skirpu integralaja novertejuma
pec graudu kvalitates fizikalajiem raditajiem ir izSkiroSa nozime, lai
noteiktu Skirnes piemérotibu neatgremotaju vai  atgremotaju
majdzivnieku &dinasanai.
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INTRODUCTION

Spring barley (Hordeum vulgare L.) in Latvia traditionally is one of the
most important crop species, which, in comparison with other cereals, is
most widely used as a concentrated feed for all kinds of livestock.
Currently, nearly 85% of the total barley harvest is used directly for animal
feeding.

It is difficult to define the ideal feed barley because the different animal
species and even age groups have very different requirements. Until now
the breeding of feed barley has developed slowly in the world and in Latvia
as well and been based on the agronomic and quality characteristics of
malting barley. One of the reasons is lack of the knowledge on grain quality
in relation to their use for feeding different groups of livestock. Barley use
for feed currently is not based on specific grain quality indicators. High
yield is an important characteristic for feed barley varieties, but from a
financial point of view the grain quality may become an important criterion
for feed barley producers in the future. It is because the feed costs strongly
influence the final costs of livestock products as well.

Genetically diverse breeding material is an important prerequisite for
successful barley breeding work for different final uses. Therefore deep
investigation of grain quality for different barley genotypes (two-row, six-
row, covered and hulless) is necessary in the agro-meteorological conditions
of Latvia. Wider use of hulless barley in the breeding and targeted
evaluation of grain quality in early generations could be one of the ways to
improve the chemical composition of covered barley. The lack of complete
information on chemical composition of grain of Latvian origin and other
widely grown spring barley varieties limits their targeted application for
different final uses, as well as for feed.

The study was carried out at the State Stende Cereal Breeding Institute from
2004 to 2008. The spring barley genotypes from the working collection and
breeding material were analyzed.

The aim of the study was to evaluate the grain quality traits of different
spring barley genotypes so that the results could be applied to feed barley
breeding in the agro-meteorological conditions of Latvia.

The following tasks were carried out:
e to compare the grain quality between different types of spring barley
from collection material according to physical and chemical traits;
¢ to determine the barley varieties of Latvian origin which correspond to
the highest feed quality requirements;
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o to clarify the effect of the genotype and the environment on the variation
in barley grain quality;

o to evaluate the correlation between barley grain quality traits;

o to assess the barley grain quality traits for covered and hulless lines of F,
and F5 generation;

Novelty of the research:

e variation in barley grain quality physical and chemical traits, their
correlation and heritability was evaluated in the agro-meteorological
conditions of Latvia;

¢ grain quality of different genotypes from barley collection and breeding
material were deeply investigated, and their use for barley breeding feed
direction was recommended,;

e conformity of Latvian origin barley varieties with good quality feed
grain production was specified;

e new barley grain quality testing methods were acquired and adapted:
assessment of [B-glucan content with the further use of data for
calibration of automatic grain analyzer Infratec; protein electrophoresis
method for assessment of hordein diversity thus making it possible to
analyse the grain quality of breeding material in the early hybrid
generations.

The research results have been presented in 14 scientific papers in the
Latvian and English languages. Eleven reports on the progress of the
research have been presented at international and local scientific
conferences in Latvia, Lithuania, Slovakia and Spain.

MATERIALS AND METHODS

Types and origin of barley genotypes

Fifty-two barley genotypes which represent a broad range of germplazm
(two-row, six-row, covered, and hulless) of different origin were chosen.
Thirty-seven genotypes of covered spring barley, including 27 two-row and
10 six-row ear types, and 15 hulless genotypes were used in this study. Only
two-row hulless genotypes were included in this investigation.

The spring barley genotypes were selected on the basis of results of
previous studies according to the data of grain crude protein (CP) content:
CP varied from 100 to 200 g kg'. The origin of genotypes used was as
follows: Latvia - 14, USA - 1, Austria - 2, Bolivia - 1, Czech Republic - 1,
Chile - 1, Denmark - 3, Guatemala - 2, Italy - 1, Japan - 2, Canada - 3,
Russia - 1, Lithuania - 1, Great Britain - 2, the Republic of Macedonia - 1,
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Mexico - 2, Nepal - 2, Portugal - 1, Turkmenistan - 1, Hungary - 1, German
- 5, North Korea - 1, Sweden - 2.
Development and evaluation of covered and hulless lines

F; generation barley elite plants which had been derived from F, bulk
populations were divided into covered and hulless plants. The structural
analysis of F; generation elite plants with the respect to number of
morphological and plant productivity traits were done and only the most
productive material was selected. In 2007 50 grains from each F; generation
covered and hulless elite plant and their parents were planted in a one meter
row. During the growing season phenological observations were carried out.
Promising F, lines and their parents were harvested in 2007. Grain quality
traits for F4 generation barley lines and their parents were determined. On
the basis of the superior agronomic performance in 2008 F, generation
covered (34) and hulless (40) barley lines and their parents were sown in
small plots (1 m?). Fs barley lines were harvested, and the grain quality
traits were determined.

Characteristics of the site and conditions of trials

The study of grain quality evaluation of different spring barley
genotypes from the collection material was performed at the State Stende
Cereal Breeding Institute from 2004 to 2006. The soil at the site was
sod-podzolic Albeluvisol (Eutric), the humus content — 12-15 mg kg™, the
soil pH KCl1 — 6.1-6.8, the content of phosphorus P,Os available for plants —
202-278 mg kg, and potassium K,O — 110-147 mg kg, the pre-crop —
potatoes. The plot size was 2 m?, 2 replicates. Before cultivation of the soil
a complex mineral fertilizer was applied to it: N-60, P,Os—35, K,O — 50,
S —42 kg ha'.

The study of spring barley F, and Fs hybrid generations’ grain quality
was performed during the period from 2007 to 2008. The soil at the site was
sod-podzolic Albeluvisol (Eutric), the humus content — 26 mg kg™, the soil
pH KCI1 — 5.9-6.3, the content of phosphorus P,0Os available for plants —
168-182 mg kg, and potassium K,O — 250-334 mg kg™, the pre-crop —
potatoes. Before cultivation a complex mineral fertilizer was applied to the
soil: N-80, P,0s—47, K,0 — 66, S — 56 kg ha™.

All agro-technical operations were carried out at optimal terms
according to the weather conditions during the vegetation period and
depending on the plant development phases. Barley was sown with a
compact trial drill 'Hege 80'. The seeding rate was 400 germinable seeds per
1 m® for covered genotypes, and 450 germinable seeds per 1 m* — for
hulless barley genotypes. Herbicides for weed control were used during the
barley tillering phase (20-23.05). The yield was harvested by a combine
'Hege 140' from 1-2 m” plots, and manually, using a sickle from the rows.
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Characteristics of the meteorological conditions

In 2004 the weather conditions were favourable for the growth and
development of barley. The vegetation period was mostly cool and damp in
2005. Such weather was favourable for high yield crop production, but
during the harvesting period they affected the grain quality adversely. The
weather conditions were unfavourable for spring barley growth and
development during the growing season of 2006. During the seedling phase
plants suffered from the lack of moisture. Optimal conditions were observed
during the tillering phase. The strong moisture deficit in this year occurred
during the grain formation. The weather conditions of 2007 growing season
limited spring barley growth and development: during the tillering phase
plants suffered from drought which shortened the length of this phase very
much. Abundance of moisture was observed during the grain formation.

The weather conditions during the growing season in 2008 were also

relatively unfavourable for spring barley growth and development:
germination of barley in spring was uneven due to drought; and further
plant development was also uneven. Heavy rain falls in mid-July and
increased rainfalls in August caused lodgings of the plants.
Breeding material assessment

Phenological observations were performed in field conditions. During
the growing period the date of flowering (stage 55-59; inflorescences of

80% of plants fully emerged from their leaf sheath) and ripening (stage 91-93;

grains were hard, easily separable from their ears) was noted for each

genotype. The duration of the period from the flowering to ripening stage
was calculated according to the obtained data every year.

The following grain physical traits of the genotypes were evaluated:

¢ 1000 kernel weight (g) by the ISTA method;

o Test weight (g L-1) - LVS ISO 7971-2:2003 method;

e Hull content (%) (Bacunenxo, Komapos, 1989);

e Single kernel diameter (mm), single kernel weight (mg), relative
grain hardness index (RHI) by Single Kernel Characterization System
4100, SKCS) (Perten, USA). Samples with RHI <30 are characterized
by soft grain endosperm, 30> RHI <60 medium soft endosperm; RHI>
60 hard endosperm.

For the genotypes from the collection material the following grain

chemical analysis were done in the State Stende Cereal Breeding institute’s

Laboratory of grain quality and agro-chemistry (2004 to 2006):

e crude protein content (g kg”) by Kjeldahl method (LVS 277), a
conversion factor of 6.25;

e starch content (g kg™) by Ewers polarimetric method (ISO 10520);

e crude fat content (g kg™) by the extraction method (ISO 6492);
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e crude ash content (g kg"), by burning the samples in a muffle furnace at
550 °C (LVS 276:2000);

e crude fibre content (g kg™) by treatment of samples with sulfuric acid
and caustic alkali, and weighing the insoluble residue (ISO 5498);

e phosphorus content (g kg™) by the spectrometric method (ISO 6492);
For parent varieties and for covered and hulless F, and Fs generation

lines the crude protein content (g kg™), starch content (g kg), p-glucans

content (g kg') were analyzed by automatic grain analyzer Infratec

Analysis 1241 (using 0.1 kg cuvette).

In the Scientific Laboratory of Agronomy Research of Latvia University
of Agriculture (LLU) the following parameters were determined:

e neutral detergent fibre (NDF) (g kg") LVS EN ISO 16472, 2006;

e acid detergent fibre (ADF) (g kg™') by Van Soest method of analysis
for food products (Forage analysis, the U.S., met. 4.1: 1993);

e lysine content (g kg”) by the LVS EN ISO 13903:2005 method. The
relative lysine content in the protein (g per 100 g of protein) was
calculated.

Analysed in the Laboratory of Genetics and Biotechnology at Research

Centre Flakkebjerg (Denmark) analized:

e content of amino acids (g kg') by Ultra Performance Liquid
Chromatography (UPLC) for parental varieties (‘Justina', 'L 302'),
covered and hulless lines (5 covered, 8 hulless) from hybrid combination
04-09 (Justina / L 302) were evaluated . The relative content of amino
acids in the protein (g per 100 g of protein) was calculated.

The methods adapted by the author of the currently described research:

e B-glucan content (g kg') (the work was carried out in the Scientific
Laboratory of Agronomy Research, LLU), adapting McCleary and
Glenn-Holmes (1985) methodology (EBC Method 3.11.1), using
chemical kits from Megazyme (Megazyme International Ireland Ltd).

e Evaluation of the diversity of storage protein D, C and B hordein
banding patterns (the work was done in the laboratory of the State
Stende Cereal Breeding institute), adapting the method of sodium
dodecilsulfate (SDS)-polyacrylamide gel electrophoresis (SDS-PAGE).
Protein extraction was done using a modified method (Doll, Andersen,
1981; E. Vincze, Research Center Flakkebjerg, Denmark, 2006; N.
Rostoks, LU Faculty of Biology, 2008 - personal communication).
Hordein analysis for each genotype was done based on the yield of
2006. A barley flour sample for each replication was obtained grinding
grains from one single ear and sieving through a 0.5 mm sieve.
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Statistical data analysis

The obtained results were statistically processed by MS Excel program
package using the methods of descriptive statistics, analysis of variance,
correlation analysis and t-test: two-samples assuming unequal variance.

In cluster analysis Wards method was used (the clusters or groups
based on a minimal variance inside the groups were created) to group the
selection material according to the grain physical and chemical
characteristics. Data processing was carried out using SPSS program
package.

In principal component analysis (PCA) the varieties were divided into
groups with similar combinations of traits, taking into account the
correlative relationships between traits. The data analysis was performed by
the SPSS program package. In PCA, the eigenvalues, greater than one were
considered as significant. Those variables where component loadings
exceeded 0.5 were considered principal component (PC).

Electrophoresis data processing. Apparent molecular weights of single
polypeptide bands of B, C, and D hordeins were studied by determining
their molecular weight (MW) in kilodaltons (kDa) by GeneTools gel
analysis software (Syngene) according to MW marker (Fermentas). The
variety ‘Igri’ was run as a control in all gels. The hordein banding patterns
were determined by scoring the presence and absence of all examined
bands. The bands were numbered according to their electrophoretic
mobility. By elaborating a pair-wise similarity matrix using the presence (1)
or absence (0) of B, C, and D hordein banding patterns, the dendrogram was
constructed by cluster analysis obtained from Euclideant distance and
clustered by Neighbor-joining method using software STATISTICA. Two
samples t-test assuming unequal variance was used for comparison of
means of crude protein.

For thirteen varieties bred in Latvia the comparison of grain quality
traits was carried out by integral evaluation method to identify the
varieties which had the lowest deviation from the desired value preferable
for non-ruminants or ruminants. The desired value and the actual value of a
trait, an investment coefficient of each trait and the standard deviation are
taken into account, when using this method. The integral evaluation of
genotypes was carried out according to four grain physical traits (hull
content, 1000 kernel weight, volume weight, relative hardness index), and
seven grain chemical quality (starch, crude protein, crude fat, B-glucans,
crude fibre, crude ash and phosphorus content). For both livestock’s groups
the desired value for 1000 kernel weight, volume weight, starch, crude fat,
and B-glucans content corresponded to their maximum value, but for hull
content and crude fibre content — to the minimal value. The desired value
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for crude protein content had the lowest limit (>120 g kg™). For non-
ruminants the desired value of relative hardness index was the minimal
value, while for ruminants - the maximal value. The minimal value of
integral evaluation (SD) corresponded to the best genotype in the integral
evaluation. If the value of integral evaluation was less than one standard
deviation (s) from the average integral value SD,;q (SD<SD,;4-s) the barley
variety was declared superior.

RESULTS

EVALUATION OF GRAIN QUALITY TRAITS FOR DIFFERENT
TYPES OF BARLEY

Barley feed quality is characterized by both, physical and chemical
indicators which interact in complex and can affect the feed quality of
barley grain. Varieties used as parents in cross combinations in the breeding
process of the new varieties are usually selected on the basis of traits’
phenotypic values which are important for selection.

Evaluation of the grain quality physical traits (Table 1)

Hull content. For covered spring barley genotypes included in this
study the average hull proportion in the grain mass ranged from 6.9% for
two-row variety 'Cork' to 11.7% for six-row variety 'Chosen'. The results
showed that hull content was significantly (p<0.05) higher for six-row
barley than for two-row barley. The value of this trait for six of ten
estimated six-row barley genotypes exceeded 10%.

1000 kernel weight for two-row barley ranged from 39.7 to 50.0 g, but
for six-row barley value of this trait ranged from 29.6 g to 44.1 g with the
coefficient of variation 12%. Variability of this trait was relatively high also
for hulless barley genotypes. The mean value of 1000 kernel weight for
two-row barley was significantly higher (p<0.05) if compared with six-row
barley. The coarsest kernels were found for the covered barley genotypes
‘Klinta' and 'Ruja '(both 50 g) and for hulless barley genotypes '10250'
(49.6g), and 'L 302' (48.7 g).

Single kernel diameter and single kernel weight for breeding material
from Latvian barley breeding programs have not been analyzed so far. The
average single kernel diameter for covered two-row barley was significantly
(p<0.05) higher than that for hulless barley (respectively 2.45 and 2.35mm).
For covered two-row barley the average single kernel weight (44.2 mg) was
significantly (p<0.05) higher than for six-row barley (40.4 mg) and for
hulless barley genotypes (40.8 mg). Variability of this trait for six-row
covered and two-row hulless genotypes was average.
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The average grain test weight in the years of investigation between the
different types of spring barley ranged from 601.8 g L' for six-row barley
genotype 'RNB 367° to 798.3 g L for hulless variety 'CD Candle'. The
value of this trait for covered two-row barley genotypes (682.4 g L) was
significantly higher than that for six-row barley genotypes (635.8 g L"), and
the value for hulless barley genotypes (774.6 g L") was significantly higher
than that for covered genotypes. Grain test weight for seven covered two-
row barley genotypes exceeded 700 g L ™.

Relative hardness index (RHI) for barley, like for wheat, characterizes
the endosperm structure. The relative grain hardness index for different
types of barley ranged from 43.5 to 84.9. All types of barley showed
relatively high variability (V%=13.7-18.9) of this trait. It was found out that
not a single variety out of the 52 genotypes which were analyzed had a soft
endosperm (RHI<30), 15 genotypes (8 two-row, 2 six-row, 5 hulless) had
medium soft endosperm (30>RHI<60), and 37 genotypes (19 two-row, 8
six-row, 10 hulless) had hard endosperm (RHI>60).

Evaluation of the grain quality chemical traits (Table 2)

The average starch content during the three years was significantly
(p<0.05) higher in two-row barley grain than that in six-row barley grain
(620.1 and 590.4 g kg respectively). Hulless genotypes were characterized
by relatively larger variation of starch content in the grain - it ranged from
585.7 g kg™ for variety 'Sumire Mochi' to 670.5 g kg for variety 'CD
Candle', which are genotypes with waxy endosperm. For hulless barley
genotypes the average starch content in grain (630.1 g kg') was
significantly (p <0.05) higher than for covered barley (620.1 g kg™).

The average crude protein content during the three years ranged from
109.9 to 170.7 g kg for two-row barley genotypes, from 118.8 to 196.2
g kg™ - for six-row barley, and from 118.4 to 176.9 g kg''- for hulless barley
genotypes. Various genotypes, selected on the basis of grain crude protein
content were included into the study in order to promote material diversity
according to this trait and to use this diversity for further investigation of
other grain quality traits. Variability of crude protein assessed by the
coefficients of variation was similar for all barley types (V% = 12.5-13.2).

The B-glucan content for covered barley genotypes ranged from 34.1 to
46.6 g kg™, but for six-row barley genotypes it ranged from 36.2 g kg™ to
46.6 g kg'. On average, p-glucan content was significantly higher (p<0.05)
for six-row barley than that for two-row barley. Hulless barley genotypes
showed significantly higher (p<0.0001) average B-glucan content than
covered barley genotypes. The hulless barley showed a relatively high
variability of B-glucans content in grain. The minimal value was 37.0 g kg’
for variety 'Gainer', but the maximum value of the trait - 66.5 g kg was
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found for variety 'CD Candle'. It indicated that it is possible to breed hulless
barley varieties with reduced B-glucan content in the grain; such varieties
are more suitable for feeding non-ruminants. The highest B-glucan content
was observed for hulless barley genotypes with a waxy endosperm - 'Sumire
Mochi', 'Wanubet' (Japan), and 'CD Candle' (USA) (60.7, 58.5 and 66.5 g
kg respectively), confirming that genotypes with low amylose starch are
less suitable for use in feeding animals, especially birds.

The average crude fat content during the three years for two-row and
six-row barley genotypes was noted 23.2 and 22.8 g kg™ respectively, and
this difference was not significant. For hulless barley the fat content in grain
varied from 21.2 to 30.7 g kg with an average value of 25.4 g kg™, which
was significantly higher than for covered barley (p<0.01). Crude fat in the
grain of genotypes with waxy endosperm (‘Merlin', "Wanubet' and 'CD
Candle') was considerably higher (27.1-28.3 g kg') than that in barley
genotypes with normal endosperm.

The crude fibre content difference between two-row barley genotypes
was relatively high — it ranged from 34.9 g kg™ for variety 'Grimmet' to 53.1
g kg™ for variety 'Landsorte Aus Tirol'. The average crude fibre content for
six-row barley (53.5 g kg™') was significantly higher than that for two-row
barley (46.5 g kg™) (p<0.01). Crude fibre content of hulless barley was two
times lower than that of covered barley - 23.8 and 46.5 g kg™ respectively.
The lowest grain crude fibre content was found in hulless barley genotypes
with waxy endosperm 'Wanubet' and 'CD Candle' (17.4 and 17.3 g kg’
respectively).

The crude ash content varied from 21.0 to 25.4 g kg™ in two-row barley
grain, from 22.5 to 26.1 g kg''- in six-row barley, and from 18.8 to 23.9 g
kg — in hulless barley. Significant differences (p<0.05) in average grain
crude ash content were found among all types of barley. For six-row barley
it was higher than for two-row barley genotypes (24.4 and 22.9 g kg
respectively), and for covered barley it was higher if compared to hulless
barley (22.9 and 21.2 g kg respectively).

The phosphorus content for covered two-row barley genotypes varied
from 3.2 to 4.7 g kg, for six-row barley - from 3.7 to 5.4 g kg, but for
hulless barley genotypes from 4.1 to 5.2 g kg'. The average grain
phosphorus content over the period of the three years was significantly
lower for covered two-row barley (3.9 g kg') (p<0.001) than that for
covered six-row and for hulless barley (4.7 g kg on average for both).
Generally speaking, if the variation of grain quality chemical traits was
compared among different genotype groups, it was higher for two-row
hulless barley genotypes as compared to other barley types included in the
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study. Hulless barley material was especially variable regarding p-glucan
content (V% = 15.2) and crude fibre content (V% = 13.8).

For different spring barley genotypes with different crude protein
content in grain, lysine content in grain dry matter and in protein was
investigated. The analyzed genotypes were divided into three groups, where
each of them differed significantly (p<0.05) regarding the average crude
protein content. It was observed that lysine content in grain dry matter
increased when crude protein content increased. Significant (p<0.01)
positive correlation between these two parameters (r=0934>r, 0, =0798, n=9)
was found. Statistically significant differences in the average lysine content
in grain dry matter (4.31 and 4.83 g kg’ respectively) were not found
between genotypes with moderate (133.0 g kg') and heightened crude
protein content (162.8 g kg™"). The proportion of lysine in protein decreased
with increasing crude protein content in grain; significant negative
correlation was found between these two parameters (r =-0775>1(5=0666,
n=9). Lysine content in protein (3.34 g per 100 g of protein) was
significantly higher in genotypes with lower crude protein content (<120 g
kg") if compared to genotypes with heightened crude protein content in
grain (>155 g kg') - 2.97 g per 100 g of protein. Lysine proportion in
protein was not significantly different if genotypes with moderate crude
protein content (133 g kg™'; lysine content 3.25 g per 100 g protein) and
genotypes with low crude protein content (115.7 g kg'; lysine content 3.34
g per 100 g of protein) were compared; it was significantly (p<0.05) higher
than lysine content for genotypes with heightened crude protein content
(lysine content 2.97 g per 100 g protein). Data analysis showed that barley
with moderate grain crude protein content (120-140 g kg') had lysine
content in dry matter and lysine proportion in protein which best satisfied
requirements of both - ruminant and non-ruminant livestock.

In the study 13 varieties bred in Latvia were also compared according
to grain physical and chemical traits with the aim to determine the varieties
which correspond to the highest feed quality requirements. According to the
cluster analysis based on a minimal variance inside the groups, spring
barley varieties regarding to the analyzed 11 grain physical and chemical
traits were split into two groups (Table 3.). The first group combined 6
varieties (‘Ansis', 'Rija’, 'Gate’, 'Malva', 'Rasa', 'Kristaps'), which had
significantly higher average starch content (635.0 g kg™) and significantly
lower (p<0.05) average crude protein content (119.6 g kg') if compared
with another 7 varieties which formed the second group (‘Sencis', 'Linga’,
'Abava’, 'Klinta', 'Idumeja’, 'Balga', 'Druvis') with the average starch and
crude protein content of 615.9 and 128.6 g kg™ respectively. The results
showed that varieties from the 1% group were characterized by the
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heightened energetic value, particularly the barley varieties 'Ansis', 'Ruja’
and 'Rasa' which had relatively higher grain fat content (24.1-24.6 g kg™).
The varieties 'Ansis', 'Rija', 'Gate' and 'Malva' were characterized by hard
grain endosperm (RHI =63.7-68.6) and relatively lower hull content
(8.0-9.1%). The six row barley variety 'Druvis' had the maximum value of
B-glucan and crude fibre content, and the relative hardness index in this
comparison of varieties, but the values of 1000 kernel weight, test weight
and crude fat were the minimal; it suggests that this variety has relatively
low grain feed quality.

Using the multi-criteria selection or integral evaluation method the
varieties bred in Latvia were analyzed according to 11 grain quality traits
simultaneously with the aim to identify the varieties which had the lowest
deviation from the desired value for non-ruminant and ruminant livestock.
The variety 'Klinta' (SD=2.9< SD,j4-s=3.8) conforms with high-quality feed
requirements for non-ruminants according to the grain physical traits best of
all; increased 1000 kernel weight (50.0 g), test weight (707.7 g L™),
decreased hull proportion (8.2%), and medium soft endosperm (RCI=59.9)
are characteristic of this variety. The varieties 'Abava' and 'Rija' (SD = 2.9-
4.1<SDy;4.~4.1) were more suitable for ruminant feeding according to feed
grain physical traits. On average during the three years the above mentioned
two varieties could be characterized by low proportion of hulls (8.2-8.3%),
heightened 1000 kernel (48.9-50.0 g) and test weight (686.3-701.0 g L™,
and hard grain endosperm (RHI=66.5-70.7) if compared to other varieties of
Latvian origin.

The variety 'Gate' received the highest rating for feeding both livestock
groups among the varieties selected in Latvia regarding to grain chemical
composition. On average the variety showed the highest starch (641.7 gkg")
and phosphorus content (4.0 g kg'), the lowest crude fibre content
(43.1 g kg"), the heightened crude fat content, (23.7 g kg') and average
crude protein content in the grain (120 g kg) during the three years. The
variety 'Gate' also provided the lowest deviation from the desired value
among all analyzed Latvian spring barley varieties which were included in
the study for both groups of livestock based on both - grain physical and
chemical traits. If the relative hardness index is taken as the main selection
criterion then ‘Gate’ is more suitable for the requirements of ruminants
because of its hard grain endosperm (RHI = 67>60). The barley varieties
'Abava’ and 'Rgja’ (SD = 9.0-11.4<SD,;qc~=11.6) are also suitable for
ruminants according to grain physical and chemical traits.

43



HORDEIN DIVERSITY IN SPRING BARLEY GENOTYPES
RELATED TO CRUDE PROTEIN CONTENT

For successful breeding work of high-quality barley varieties, breeders
have to use as much wide genetic diversity as possible, as well as methods
which increase the selection efficiency and enable earlier start of breeding
material evaluation according to grain quality traits. The protein marker was
used to determine the diversity of hordein banding patterns for 52 genotypes
with different crude protein content, to access the association between
various D, C and B hordein banding patterns and separate hordein
polypeptide bands with the grain crude protein content.

According to the results of the sodium dodecyl polyacrylamide gel
electrophoresis (SDS-PAGE) the hordein molecular weight of polypeptide
bands for the analyzed barley genotypes ranged from 35 to 94 kDa.
Analysis of hordein polypeptides showed that the spring barley varieties
varied according to D, C and B hordein polypeptide banding patterns.

Molecular weight for D hordein polypeptides ranged from 82 to 94
kDa. Five different banding patterns consisting of 4 bands were recognized
for D hordein group. Thirty-three genotypes (22 two-row covered, 3 six-row
covered, 8 two-row hulless) of the total number of varieties were
characterized by D3 hordein banding pattern that consisted of one
polypeptide band with a molecular weight of 92 kDa.

Sixteen banding patterns totally consisting of 10 bands in C hordein
group were determined for different types of barley. The molecular weight
of C hordein polypeptides ranged from 49 to 66 kDa. 16 identified C
hordein banding patterns were formed of 2 to 5 bands. In C hordein group,
10 different bands and 8 banding patterns were found for 27 covered two-
row varieties; 7 bands and 7 banding patterns were found for 10 six-row
barley genotypes, and 8 different bands and 7 banding patterns — for 15
hulless genotypes.

Barley genotypes varied according to B hordein banding patterns as
well. In total in B hordein group 28 hordein banding patterns with 12
polypeptide bands were defined. Molecular weight for B hordein
polypeptides ranged from 35 to 46 kDa. Twelve hordein banding patterns
made of 12 hordein polypeptide bands were found for the tested covered
two-row barley genotypes. Nine varieties from this type of barley were
characterized by B3 hordein banding pattern, five varieties belonged to B13
hordein banding pattern, but six covered two-row genotypes were
characterized by distinct B hordein banding patterns. Wide range of
diversity regarding B hordein banding patterns was found among covered
six-row genotypes; each of those totally differed from the others. There
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were 10 hordein banding patterns detected within 15 hulless genotypes.
Only B10 and B24 hordein banding patterns were the same for two-row and
six-row genotypes, but B6 and B20 — for covered and hulless barley
genotypes. The analyzed genotypes were split into three groups on the
basis of data about D, C and B hordein banding patterns using the cluster
analysis. The constructed dendrogram showed the structuring of barley
diversity, taking into account the relation between different varieties
according to hordein banding patterns (Fig. 1).

There were several genotypes with identical hordein banding pattern
(with linkage distance 0) dividing genotypes into nine similarity groups
with 2 to 5 varieties in each group. The identical hordein banding patterns
were observed not only among genotypes of one barley type, but also
among different types of barley. Barley genotypes clustered on linkage
distance 1.4 were genotypes which were similar to one or two of the hordein
banding pattern groups (D, C, or B). These genotypes were mainly of
European origin, which indicates genetic similarity between them. These
genotypes originated two clusters according to hordein banding patterns.
Cluster I combined only covered two-row barley genotypes mainly with
comparatively lower crude protein content (127.3 g kg™). Cluster II grouped
genotypes with heightened crude protein content (145.1 g kg™"). According
to t-test the mean difference between these two clusters regarding crude
protein was significant (p<<0.01). Cluster III grouped genotypes with diverse
hordein banding patterns. These barley genotypes originated from more
distant world regions. Hulless and six-row covered barley characterized by
the heightened grain crude protein content (150.2 g kg™ on average) mostly
belongs to cluster II1.

On the bases of the combination of various banding patterns, 26 hordein
bands were recognized among all the genotypes screened. There was great
genotypic variation in the bands of C and B polypeptides. All the 26 bands
were polymorphic and 10 of them exhibited significant association with
crude protein content (Table 4). The mean value of crude protein increased
significantly at the presence of bands 1, 7, 12, 15, 20 and 24, and at the
absence of bands 2, 3, 5, and 17. The present study revealed that these
protein polypeptide bands could be used in the screening of barley breeding
material according to the crude protein content.

CORRELATION BETWEEN GRAIN QUALITY TRAITS

Correlation between a single grain weight and single grain diameter
was significant (p<0.05) for covered barley (rc=0.788>r0s=0.396) and
hulless barley (ry=0.845>1(0s=0.553). The study revealed significant linear
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correlation between 1000 kernel weight (TKW) and single kernel diameter
(KD), and a single kernel weight (KW) for both types of barley:
e covered TipTrw=0.646, R?>=0.417; p<0.01;
rewtkw=0.923, R*=0.852; p<0.001;
e hulless rgp1kw=0.620, R>=0.384, p<0.05;
rew-tkw=0.832, R*=0.692; p<0.001.

It is not possible to judge grain volume weight by a single kernel weight
and diameter due to the lack of significant (p>0.05) linear correlation
between those traits. Significant linear correlations were not also found
between 1000 kernel weight and test weight. A significant positive
correlation was found between the relative grain hardness index and B-
glucan content for covered two-row barley genotype (rc=0418>1(s=0396).
A strong and significant (p<0.05) negative correlation during all the
investigation years was noted between crude protein and starch content for
covered (rc=0.868) and for hulless barley genotypes (r;=0.929). Significant
positive correlation between grain crude protein content and crude fat
content was found only in covered two-row barley in 2006
(r=0.738>1(,0s=0.396) and when analyzing the three-year average data of the
study period (r=0.531>1,(5=0396).

Analyzing the relationship between grain crude protein content and
other chemical quality traits a significant (p<0.05) positive correlation for
the both covered and hulless barley was detected between the grain crude
protein and phosphorus content (rc=0.545, ry3=0.820). Only in a few years
significant positive correlation between grain test weight and starch content
was found in covered and hulless barley. For covered two-row barley,
characterized by higher test weight, lower grain crude fibre content was
noted (r=-0.419, 1r,¢s=0.381). Low grain crude fibre content is desirable
from the feed quality view. Therefore grain test weight could be used as a
simple selection criterion to increase energy and digestibility of barley
grain.

If grain starch content increases, not only grain crude protein content but
also crude fibre (rc=-0.471; ry=-0.539), crude ash (rc=-0.673; ry=-0.673)
and phosphorus content (rc =-0.600; ry =-08.45) of covered and hulless
barley, as well as crude fat content of covered barley (rc=-0.566) decreases
(p<0.05).

The values of correlation coefficients and their significance between
grain quality traits were different depending on the analyzed data set:
covered or hulless barley. A significant positive correlation between the
crude fat and B-glucan content was found only in hulless barley
(rg=0.710>1(s=0.514). This relationship gives the possibility for breeding
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covered barley varieties which are characterized by increased grain B-
glucan and crude fat content.

The principle component analysis was used to study internal structure
of correlations singling out several factors or principal components (PC)
which are mutually independent. Principal component analysis marked out
three main components for covered barley in total explaining 73%, but for
hulless barley 85% of the total variance in the original data correlation
matrix.

For covered barley positive correlation was found between the crude
protein, crude fat, crude ash and phosphorus content and PC1 (component
loadings 0.910, 0.732, 0.654 and 0.765 respectively), but significant
negative correlation (-0.906) was found between crude protein and grain
starch content (Table 5). PC1 combines covered barley genotypes with
heightened grain crude protein, crude fat and crude ash content, and with
reduced starch content. In its turn, in PC2 genotypes with high 1000 kernel
weight and volume weight (loadings 0.769 and 0.702 respectively) and
reduced crude fibre content (loading -0.741) were included. For covered
barley the strongest link with PC3 was noted only for p-glucan content
(loading 0.930) suggesting that correlations between grain B-glucan content
and other grain quality traits do not exist for this type of barley. The
principle component analysis dealt out three principle components of
hulless barley. In comparison with covered barley, the relationship between
these components and grain quality physical and chemical traits was
different. Positive correlation between the PCl1 and crude protein
(component loading 0.952), crude fibre (0.765), crude ash (0.699) and
phosphorus content (0.780), and negative correlation with starch content
(-0.924) was found. This indicated that the group of hulless barley
genotypes with heightened crude protein, fibre, crude ash and phosphorus
content, and decreased grain starch content existed. In the principal
component analysis PC2 is mainly associated with increased grain -glucan
and crude fat content (loadings 0.887 and 0.669 respectively). Such hulless
genotypes will be characterized by reduced test weight and crude fibre
content which is indicated at by negative correlation between PC2 and the
above mentioned grain quality traits (loadings -0.652 and -0.577
respectively). The PC3 combined hulless genotypes which were
characterized by heightened 1000 grain weight (0.904) and crude ash
content (0.530), but with lower grain crude fat content (-0.699).

The results obtained by the principle component analysis are possible to
be used in targeted breeding work doing crossings between genotypes
which belong to different groups of principle components.
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GENETIC AND ENVIRONMENTAL EFFECT ON GRAIN
QUALITY TRAITS

To find out how much the variation of traits during the three year period
of study was related to the influence of factors — genotype, environment or
agro-meteorological conditions of a particular year (hereinafter: the year)
and their (genotype x year) interaction, the relative proportion of these
factors (°%) in the total variance was determined. According to the three
years’ data analysis of variance a significant influence (p<0.01) of genotype
for two-row covered barley was observed on all the investigated grain
quality traits, except crude fibre content. The highest impact of this factor
was found in the variation of volume weight (1’=81.0%). For covered six-
row barley the genotype significantly affected (p<0.01) the variation of
1000 kernel weight, test weight, crude protein, starch, B-glucan and crude
fibre content. It was found that the variation of all traits for two-row hulless
barley was significantly (p<0.01) influenced by genotype. The relative
proportion of factor’s influence ranged from 67% to 86%.

The relative proportion of the year’s as a factor influence increased if
the quality traits were analyzed separately depending on the type of barley:
covered or hulless. For covered barley the relative proportion of this factor’s
influence was significant (p<0.01) for all grain quality traits, except for test
weight and B-glucan content. The highest influence of the year for covered
two-row barley was found on the crude ash content (> = 59.0%). The year
as a factor had a significant effect on variability of grain crude protein, ash
and fibre content (p<0.01), 1000 kernel weight and starch content (p<0.05)
in hulless barley. For covered six-row barley the year as a factor did not
significantly affect the variation of crude fat, B-glucan and crude protein
content, and test weight.

As the t-test indicated, the barley, grown in 2004 had significantly
higher crude ash and 1000 kernel weight than the barley, grown in 2005 and
2006. The highest grain crude fibre content was noted in 2005. This year the
barley genotypes had significantly lower 1000 kernel weight. In the growth
season of 2006 the barley had significantly (p<0.05) higher crude protein
content (150.8 g kg') and significantly lower starch (606.8 g kg') and
crude fibre content (36.9 g kg™') as compared to other years (Table 6).

The phenological and meteorological data were used to determine the
reasons of grain quality variation differences within separate years of the
investigation. The grain filling period was measured as the period from
heading (GS 55) to maturity (GS 91) stage. This period was divided into
two similar parts — the first half of grain filling period and the second part of
grain filling period (the length of each half-period was from 20 to 25 days
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depending on the length of full period). The analysis of phenological data
showed that for spring barley the length of plant development periods (GS
00-91, GS 00-55, and GS 55-91) within three years of the study were
different. The longest period of grain filling was found in 2005 (51 days)
when the average crude protein content of barley was significantly lower
than in the other years of the investigation. In 2006 when the crude protein
content was significantly higher the average length of grain filling period
was the shortest (40 days). Overall in the grain filling period the average air
temperature was not significantly different. However, the analysis of the
average daily air temperature during the first and the second half of grain
filling period showed significant (p<<0.05) differences over the years. In the
first half of the grain filling period a substantially higher average air
temperature was noted in 2006 (19.4 °C). In addition, the first half of the
grain filling period was very dry (precipitation in total: 5.1 mm) this year. In
a year with heightened temperatures and low amount of precipitation during
the grain filling, such as 2006, the average crude protein content in grain
was significantly higher than in 2004 and 2005. Since the first period of
grain filling is associated primarily with the cell division period of starch
forming endosperm hot and dry weather conditions shortened the length of
this period. It affected the accumulation of starch, as a result of which in
2006 barley had significantly lower average starch content and significantly
higher crude protein content in grain. Since the barley is used for feed
mainly as an energy source, hot and dry conditions during grain filling can
reduce its energy value. Although grain filling period was also relatively
warm (17.0 °C) in 2005 it was still generally very rich in precipitation
(168.4 mm) which contributed to increased formation of starch. Thus
significantly lowest crude protein and highest starch content in grain was
found in 2005.

By assessing the variability of eight grain quality traits for varieties bred
in Latvia over the three year period of investigation using the coefficient of
variation, it was found out that various grain quality traits have different
stability over the years. The lowest variation of traits was found in six-row
barley variety 'Druvis', where the coefficient of wvariation for all
characteristics, except that of crude fibre content was lower than the average
value of the coefficient of variation (the average coefficient of variation for
all the traits was 3.9%). The average coefficient of variation of the
estimated traits was low also for malting barley varieties 'Rasa' (V%=5.4),
'Klinta' (V%=5.5), and 'Ansis' (V%=6.6), as well as for feed barley variety
'Linga' (V%=6.7). The test weight, crude protein, starch and fat content
were the most stable traits over the years for feed barley variety 'Linga'.
Barley variety 'Abava' also showed similar results of traits’ variability. For
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the malting barley variety 'Sencis' five characteristics in their turn (test
weight, crude protein, B-glucan, crude fibre and crude ash content) were
characterized by relatively high variability over the years. Therefore overall
stability of grain quality for variety 'Sencis' over the years was the lowest
(V% =9.6).

EVALUATION OF BARLEY GRAIN QUALITY FOR
HYBRID F, AND Fs GENERATION LINES

In this chapter grain quality traits (1000 kernel weight, crude protein,
starch, B-glucan content in grains) of covered and hulless barley F, and Fs
generation lines from 6 hybridization combinations between covered and
hulless genotypes will be analyzed. Heritability of traits between F, and Fs
hybrid generations was evaluated for both line types.

The lines according to analyzed grain quality traits were divided into
groups using cluster analysis. Four groups were developed for covered
barley lines, but 3 groups - for hulless lines. Grain quality traits of each
group were compared using t-tests. It was found that there were significant
(p<0.05) differences between groups only concerning the crude protein and
starch content for both, covered and hulless lines. According to the data of
grain starch and crude protein content as regards the feed quality six
covered barley lines, characterized by moderate crude protein content
(137.0-148.0 g kg™") and heightened starch content (612-623 g kg™) had the
highest feed value. These lines were characterized also with good 1000
kernel weight (48.0-54.7 g), and they had the highest average grain -glucan
content - 39.3 g kg (37.0 - 44.0 g kg™") if compared to lines from other
groups. Such B-glucan content is appropriate for use in swine and poultry
nutrition. Among hulless barley the best regarding to the feed quality 13
lines characterized by moderate grain crude protein (121.0-144.5 g kg™') and
heightened starch (625.5-657.0 g kg™') content were the best. In this group
the lines ‘L-557 (Justina/L 302) and ‘L-652" (Austris/Danuta//Freedom)
showed the highest 1000 kernel weight (>50 g). Hulless lines ‘L-575’
(Simba/Wanubet) and ‘L-822’ (Gate/Freedom) showed B-glucan content
which exceeded 50 g kg'. The average grain p-glucan content for the
selected 13 lines ranged from 47.0 to 53.5 g kg™

Hybridization combination 04-09 (Justina/L 302) was chosen to evaluate
protein quality because of (1) the biggest difference as regards crude
protein content between parents (40 g kg™), and (2) the highest coefficient
of variation of crude protein content for obtained covered and hulless barley
lines. The analysis of the results focuses on the essential amino acids
(lysine, methionine, cystine, threonine, tryptophan, isoleucine, leucine,
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valine) which are most important for non-ruminants, and on non-essential
amino acids (glutamic acid, proline) which are found in the largest
percentage in barley protein. Both, essential and non-essential amino acid
content is higher in the dry matter of high protein hulless line 'L 302" if
compared with the covered barley variety 'Justina'. Moderate to high
variability of amino acid content in dry matter for both types of barley lines
was observed — for covered lines the coefficient of traits’ variation ranged
from 13.2 to 20.1%, but for hulless lines - from 9.3 to 19.8%. Lysine
content in covered barley lines’ dry matter ranged from 2.9 to 4.6 g kg™
(V% = 17.1), but for hulless lines - from 3.3 to 4.4 g kg (V% = 11.0).

Covered and hulless barley genotypes from the hybrid combination
04-09 (Justina/L 302) were divided into two groups (group 1 - with the
grain crude protein content <140 g kg™ and group 2 with the grain crude
protein content >140 g kg) for the comparison of amino acids’ (AA)
content on the grain dry matter (g kg') basis and in the protein (g 100 g
protein) of barley with different crude protein content. The average crude
protein content in both groups was significantly (p<0.05) different
(129.2 and 156.7 g kg™ respectively) (Table 7). The analysis of the results
showed that the average content of essential and non-essential amino acids
in grain dry matter (g kg") was significantly (p<0.05) higher for genotypes
with heightened crude protein content. However, the protein quality of these
two groups of genotypes was equivalent, which was approved by a non-
significant (p>0.05) difference in essential and non-essential AA contents in
protein (g 100 g protein) between the genotypes of the 1st and the 2nd
groups. The highest content of essential AA in protein was found in lines
'L-567' (21.5 g 100 g protein), 'L-559' (20.6 g 100 g protein) and 'L-568'
(19.9 g 100 g protein) which exceeded that in both the parent varieties.
Crude protein content in these lines ranged from 124 to 139 g kg
Analyzing protein quality (the ratio of essential and non-essential AA in
protein) it was found out that genotypes from group 1 (crude protein content
<140 g kg") had more balanced protein. The quality was approved by the
ratio of essential and non-essential AA in protein which was significantly
(p<0.05) higher for this group.

The overall conclusion is that increasing the grain crude protein content
increases the content of both, essential and non-essential AA in grain dry
matter as well. But if the ratio of essential and non-essential AA in protein
(g 100 g protein) was evaluated, barley genotypes with a moderate grain
crude protein content - from 119 to 138 g kg™' showed the best results. The
ratio of the essential AA and non-essential AA in protein was worse for
genotypes with heightened crude protein content (>140 g kg™).
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Lines representing both, positive and negative transgression were found
comparing covered and hulless lines with their parent varieties. These lines
during the two years of investigation exceeded both parents in positive or
negative direction according to any of the four analyzed grain quality traits.
Within covered barley lines positive transgression was observed in seven
lines regarding 1000 kernel weight, and in two lines regarding crude protein
content. Twenty-seven hulless lines showed positive transgression regarding
any of the four analyzed grain quality traits. These covered and hulless lines
are considered to be perspective material for the future breeding work.
Although, no line with positive transgression regarding starch content was
found within the covered barley line. However, it was possible to select
lines with higher value of starch content than that in the covered parent in
both hybrid generations. A possibility to obtain covered spring barley lines
with the highest average starch content (if compared to other cross-
combinations) was observed in the hybridization combination 04-41
(Gate/Freedom) where the hulless variety ‘Freedom’ (Canada) was used as
a parent.

The heritability (H?) of grain quality traits was estimated in two ways —
as the intergeneration correlation coefficient (r) and as the linear regression
coefficient (b), regressing Fs progeny means to F4 progeny means (Table 8).
The correlation analysis between the F, and Fs generations of covered and
hulless lines suggested that these correlations were positive and significant
(p<0.05) for all analyzed grain quality traits. Analyzing the correlations in
detail, it was found out that the starch content had the average and relatively
higher intergeneration correlation coefficients for both, covered and hulless
barley (rpers=0.580 and 0.635, p<0.01 respectively). The estimated
coefficients of determination for 1000 kernel weight, crude protein and
beta-glucan content intergeneration correlation varied from 11 to 35%,
indicating to a relatively high impact of genotype x environment interaction
on the variability of grain quality traits of these barley lines. The maximum
linear regression coefficient for both, covered and hulless barley was found
in starch content (b=0.549 and 0.703 respectively, p<0.01), but for hulless
barley - in 1000 kernel weight (b=0517, p<0.01). The reduced values of
crude protein and B-glucans content linear regression coefficient were found
in both types of barley, thus indicating that the phenotype of grain quality is
largely determined by the genotype x environment interaction.

The results of a study about heritability of grain quality traits showed
that the selection for both, covered and hulless barley in F, generation
would be more effective based on the starch content, but for hulless barley —
in addition on 1000 kernel weight.
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CONCLUSIONS

. The positive genotypic correlation coefficients found in the study
between starch content and test weight, crude protein and fat content,
crude protein and phosphorus content, relative grain hardness index and
B-glucan content, allow improving the breeding process of both grain
quality traits simultaneously. Lack of correlation between crude protein
and B-glucan content provides a possibility, depending on the selection
targets to create feed barley varieties with different values of these two
traits.

. Evaluating correlations according to the principal component analysis,
covered and hulless genotypes were divided into groups with different
values of grain quality physical and chemical traits. The obtained results
can be used in breeding to plan the hybridization program purposefully,
choosing genotypes which belong to different groups of principal
components for crossing.

. The genotype of the variety had the highest proportion of influence on
variability of the grain quality. The weather conditions also considerably
affected all the tested grain quality traits, except the variation of the test
weight and B-glucan content. During the years of the investigation the
starch and crude protein content were significantly affected by the
average daily air temperature and amount of precipitation during the
first half of the grain filling period.

. The selection in F4 generation for both, covered and hulless barley will
be more effective based on the starch content as the main criterion, but
for hulless barley — as a criterion using 1000 kernel weight as well,
because these traits showed moderate heritability.

. Two-row barley showed significantly higher feed quality than six-row
barley regarding to grain quality physical traits (test weight, 1000 grain
weight, hull content) and chemical traits (crude fibre and starch content).
For this reason it is better to use two-row type of barley as an initial
material in the breeding work of covered feed barley varieties.

. Hulless barley genotypes showed significantly higher test weight, starch,
B-glucan, crude fat, and phosphorus content if compared to covered
barley; values of those characteristics better corresponded to the
demands of high-quality feed. Hence it would be desirable to develop
the direction of hulless feed barley breeding.

. It is advisable to cross covered and hulless genotypes in order to obtain
covered barley lines with the heightened crude protein or B-glucan
content, hulless lines with increased 1000 kernel weight or reduced
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B-glucan content. It is possible to select covered and hulless lines with
the consistent positive transgression from such cross combinations.

8. The highest lysine content in dry matter and the highest lysine
proportion in protein as well as more balanced protein in respect of the
composition of essential and nonessential amino acids was found in
barley genotypes with moderate grain crude protein content (120-140 g
kg™). Fs generation covered and hulless barley lines with moderate grain
crude protein and heightened starch content were selected to be used as
a promising initial material in the breeding work of feed barley varieties.

9. Barley genotypes showed high diversity concerning hordein banding
patterns. Twenty six hordein polypeptide bands, which consisted of 5 D
hordein, 16 C hordein and 28 B hordein banding patterns, were
established. Significant differences regarding to crude protein content
were found between genotypes with certain D, C and B hordein banding
patterns. The presence of six polypeptide bands and the absence of four
polypeptide bands in barley genotypes indicated to a significant
difference regarding crude protein content.

10. Important differences based on the integral evaluation assessment of
grain quality physical and chemical traits between 13 barley varieties
bred in Latvia were proved. The relative hardness index out of grain
physical traits is the crucial characteristics in the integral evaluation of
varieties to determine suitability of a specific variety for the nutrition of
non-ruminants or ruminants.
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