ISSN 1691-5402

ISBN 978-9984-44-027-9

Environment. Technology. Resources

Proceedings of the 7" International Scientific and Practical Conference. Volume 1
© Rézeknes Augstskola, Rézekne, RA Izdevnieciba, 2009

VASARAJU GRAUDAUGU SUGU PIEMEROTIBA
SILTUMENERGIJAS RAZOSANAI
SUITABILITY OF SPRING CEREALS FOR PRODUCTION OF HEAT
ENERGY

Ina Belicka, Viktorija Miglane, Zaiga Jansone
Valsts Stendes graudaugu selekcijas institiits
Dizstende, Libagu pag., Talsu raj., LV 3258
Talr.: +371 632 91288, fakss: +371 632 91289, e-pasts: stende.selekcija@apollo.lv

Abstract. In future biomass are planned as main source as renewable energy. The grain and straw are
as one of the representatives of biomass. During 2007 - 2008 in the State Stende Cereal Breeding Institute the
investigations were carried out to define more accurately spring cereal-wheat, barley and oats for heat
production. In the field experiment were sown 4 - 6 varieties from each species. The yield, chemical composition,
the highest and lowest heating capacity of grain and straw were evaluated. The highest heating capacity for
grain was 15475 - 16994 and the lowest — 13828 - 15356 kJ kg™*; in straw — 15788 - 16840 and 14106 - 15230 kJ
kg™respectively. Accordingly to this value the cereal species arranged in the following order: oats, barley and
wheat. The varieties of cereal were differed in heating capacity depending on chemical composition. Significant
positive correlation was observed between grain heating capacity and fat (r = 0.993; ryo, = 0.684), and fiber
(r=0.838; ro o1 = 0.684), but significant negative correlation with starch (r = - 0.847; roo; = 0.684).

Keywords: spring cereals, chemical composition, heating capacity in grain and straw.

levads
Lidz ar ES valstu pievienoSanos Kioto protokolam, kuras mérkis ir ierobezot vai pat pilnigi
atteikties no fosila kurinama, ir sapratigi jaizmanto neatjaunojamie energijas resursi,
jasamazina siltumnicas efektu izraisoSo izplides gazu daudzums un vienlaicigi japaplaSina
videi draudzigas energijas ieguve no atjaunojamiem energoresursiem [1]. Latvija Sobrid
koksnes produkti: malka, Skelda, granulas ir popularakais atjaunojamais kurinamais Latvija.
Tomeér arT koksnes resursu atjaunoSanas spgjas ir ierobeZotas laika un telpa. Daudzas valstis
iesaka audz€t dazadus augus ka alternativu siltumenergijas ieguvei [2; 3; 4; 5]. Viens no
biomasu veidiem ir arT labibu graudi un salmi. Veértgjot graudus ka kurinamo, jaatzime to Joti
laba piemérotiba izmantoSanai automatiskas darbibas katlos. Graudi péc savam fizikali
mehaniskajam ipasibam ir dabiskas formas granula ar pietiekami lielu blivumu un cietu
apvalku, kas nodroSina to labu izturibu. Graudu automatiska padeve kurtuvés viegli
realiz€jama ar dazadiem transportieriem (pieméram, gliemeztransportieriem). Tomer labibu
graudu un salmu izmanto$anu siltumenergijas ieguvei raksturo galvenas problémas
dedzinaSanas procesa, un tas ir saistitas ar pelnu daudzumu, diimgazu sastavu un pelnu
kuSanas temperatiiru [6; 7; 8].
Siltumenergijas razos$anai buitu vajadzigi graudaugi ar augstu biomasas razu, labu degtspgju,
ar lielaku siltuma atdevi un mazaku pelnu saturu. Atrodot siltumenergijas razoSanai
piemérotakos graudaugus un ekonomiski pamatotaku audz&$anas tehnologiju, iesp&ams
nakotné€ biis saimniecibas, kas specializesies tiesi apkurei domato graudu audzeSanai.
Valsts Stendes graudaugu selekcijas institiita uzsakot petijumu, veélgjamies noskaidrot, kuras
no labibam ir piemé&rotakas siltumenergijas razoSanai, ka ari salidzinat vienas sugas robezas
dazadu skirnu siltuma atdevi un faktorus, kas to ietekmg.

Materiali un metodes
Lauku izm&ginajumi. Lai noveértétu un salidzinatu dazadu graudaugu sugu un Skirpu nozimi
siltumenergijas razoSanai, lauku izm&ginajumi veikti ar vasaraju (2007-2008) labibam.
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No katras labibu sugas izve€letas 4-6 Skirnes ar dazadu kvalitates raksturojumu:

e mieczu Skirnes: Abava, Malva, Kristaps, IC 361 (kailgraudu);

e vasaras kviesu skirnes: Uffo, Vinjett, Heta, Zebra, Fasan;

e auzu Skirnes: Arta, Laima, Hecht, Darta, Aragon, Wendela.

2007.g. izméginajums ickartots velénu glejota augsné ar vid&ju iekultivéSanas pakapi,
organiskas vielas saturs 24 g 100 g augsnes, P,0s - 128 mg kg™, K,0 - 98 mg kg™, augsnes
pH - 6.0. 2008. g. — augsne — velénu podzoléta, smilSmala, organiskas vielas saturs 22 g 100 g
augsnes, P,Os— 227 - 339 mg kg™, K,O — 147 mg kg™, augsnes pH — 6.3 - 6.7.

[zmégindjumu uzskaites lauciu lielums — 5 m? (2007.g), 10 m? (2008.g), randomizats laucinu
sakartojums. 2007.g. lietots mé&slojums NPK 17-10-14 (90:53:63), iestradats pirmssgjas
kultivacija, s€ja 24.aprili, nezalu apkarosana veikta 25.maija, lietojot herbicidu maisijumu
‘Banvels +Granstars’. Raza novakta 8.augusta.

2008.g. lietots méslojums NPK 16-16-16 — 350 kg ha™, iestradats pirmssgjas kultivacija
23.aprili, s€ja veikta 26.aprili, nezales apkarotas 26.maija, lietojot herbicidu ‘Mustangs’ 0,6 1
ha®. Raza novakta: vasaras mieZi un kviesi — 21.augusta, auzas — 26.augusta.

Kimisko analiZu metodes. C, H, O, S sastavs noteikts ar Macro Elemental Analyzer-vario
MACRO CHNS (Elementar Analysensysteme GmbH), mérijumu relativa standartnovirze,
rekinot uz 100 mg fenilanalina standartvielas: < 0,5%. Siltumspgja noteikta saskana ar ISO
1928. Augstakas siltumspgjas noteikSanai tika izmantots skabekla bumbas kalorimetrs ,,Parr
13417, bet zemaka siltumsp&ja noteikta aprékinu rezultata (Richardson J., Bjorheden.,
Hakkila P., Lowe A.T., Smith C.T. Bioenergy from sustainable forestry, Forestry Science
vol..71 Kluver Academic Publishers, Dordrecht, 2002., p.40). Hlora saturs noteikts péc
parauga sadedzinaSanas kalorimetriskaja bumba, analizei izmantojot bumbas skalojamos
tdenus. NoteikSana veikta titrametriski saskapa ar metodi, kas aprakstita ,British
PHARMOCOPEIA” (1998) NaCl noteikSanai (analiz€jamo paraugu apstrada ar AgNOs;
Skidumu un AgNOj; parakumu attitré ar amonija rodanidu). Titré€Sanu veic potenciometriski,
izmantojot ,,Radiometer Analytical” firmas titratoru, TIM 900 ar sudraba indikatora elektrodu
un datorprogrammu Tim Talk 9.

Raditaji: koproteins (LVS 277:2000), kokskiedra (ISO 5498), tauki (ISO 6492), ciete (LVS
EN ISO 10520), N (LVS 277:2000), pelnvielas (LVS 276:2000) izteikti % absoliiti sausos
paraugos. Graudu raza noteikta pie 14% mitruma.

Rezultati un to izvertéjums
Vasaraju labibu graudu razas dati 2007. un 2008.gada paraditi 1.attela.

Uffo

Abava
Kristaps

V. kvie$i Miezi
0 2007. g. B2008. g.

1.att. Vasaraju labibu razas
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Augstakas graudu razas iegiitas vasaras kvieSu skirn€m ‘Uffo’ un ‘Fasan’, bet bitiski zemaka
ta bija Skirnei ‘Heta’ (y 0,05, 2007=1,03 tha'l ; Y005, 2008 =0,47 tha'l). No miezu skirném biitiski
augstakas razas iegutas Skirném ‘Kristaps’, ‘Malva’ un ‘Druvis’(y 0,05 2007=0,81 tha™ 3 Y0,05,2008
=0,43tha™), parspgjot ‘Abavu’ un kailgraudu liniju IC 363. Izméginajuma icklautas 5 auzu
skirnes savstarpgji butiski neatikiras (yo s, 2007 =0,34 t ha™; 0,05 2008 =0,65 t ha™), no tam ar
bitiski zemaku razu ir Skirne ‘Arta’. Salidzinot ar 2007.gadu, vasaras kvieSiem un mieziem
augstaks tas bija auzam.

Ar loti labu veldres izturibu var raksturot vasaras kvieSu skirnes (8,1-9,0 balles), ar labu —
miezus (7,35-8,20 balles), bet apmierinosu - auzas (6,84-7,45 balles). P&c tilpummasas
raditajiem labibas kartojas §ada seciba: v. kviesi, kailgraudu miezi, pléksSnpainie miezi, auzas.
Labibu kimiskais sastavs. Ka jebkura kurinamaja, ar1 graudos un salmos ka galvenas degosas
vielas ir ogleklis (C) un tdenradis (H). DegSanas procesa piedalas art skabeklis (O), sérs (S)
un dalgji arT slapeklis (N). IepriekSmingto elementu saturu kurinamaja izsaka % ka organisko
masu.

Oglekla (C) saturs vasaras kviesu un miezu graudos (45,34-45,80%) ir zemaks neka salmos
(46,66-47,60%), bet auzam pretji: graudos vairak (46,55-47,80%) neka salmos (46,25-
47,08%). Nav bitiskas oglekla satura atsSkiribas vasaras kviesu un miezu graudos, bet tas par
1,21-2,46% ir augstaks auzu graudos. No vasaras kvieSiem ar augstaku C saturu graudos
izcelas Skirne ‘Heta’, mieziem — ‘Abava’, auzam — ‘Laima’ un ‘Darta’. ArT p&c oglekla satura
salmos ir atzim&jamas atSkiribas starp sugam un Skirném. Vasaras kvieSu salmiem raksturigs
augstaks oglekla saturs (vid. 47,54%), tiem seko miezi (vid. 46,94%) un auzas (vid. 46,71%)
(2.attels). Arf starp skirn€m ir atskiribas.
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2.att. Oglekla saturs vasaraju labibu graudos un salmos

Udenraza (H) saturs visam vasaraju labibu sugam ir par 0,58-1,8% augstaks graudos neka
salmos (5,52-5,72%). Vidgji H saturs auzu (6,33%) un miezu (6,25%) graudos ir augstaks
neka vasaras kvieSu (6,16%) graudos. Peéc ST elementa satura ir atSkiribas gan graudos, gan
salmos starp Skirném. Ar augstaku H saturu graudos var atzimét vasaras kvieSu Skirnes
‘Uffo’, ‘Heta’, miezu — ‘Malva’, savukart salmos: vasaras kviesu Skirnes ‘Heta’, ‘Fasan’,
miezu - ’Malva’ un ‘Abava’, auzu - ‘Wendela’ un ‘Darta’ (3.attels).

Skabekla (O) saturs vasaras kvieSu graudos (45,72%) nedaudz parsniedz ta saturu salmos
(44,51%), tas pats attiecinams uz miezu Skirni ‘Kristaps’ un auzu Skirni ‘Arta’. Par§jam miezu
un auzu Skirn€m skabekla saturs salmos (43,23-45,80%) parsniedz ta saturu graudos (42,50-
45,66%) (4.attels).
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3.att. Udenraza saturs vasaraju labibu graudos un salmos
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4 att. Skabekla saturs vasaraju labibu graudos un salmos

Séra un hlora saturs. Viena no problémam, kas saistitas ar graudu un salmu dedzinasanu ir
palielinats séra un hlora saturs, kas var izraisit dimvadu un citu metala konstrukciju koroziju.
Seéra saturam labibu graudos (0,23-0,32%) nav butiskas atSkiribas starp sugam. Sérs salmos ir
konstatéts vairak neka graudos visam parbauditajam mieZu Skirném, 2 vasaras kvieSu un 5

auzu Skirn€m (5.attels).
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S.att. Seéra saturs vasaraju labibu graudos un salmos

27



Belicka 1., Miglane V., Jansone Z. Suitability of spring cereals for production of heat energy

Starp Skirném ir atSkiribas. Palielinats séra daudzums kurinamaja sekmé séra dioksida izplidi
atmosfera. Hlora saturs vasaraju labibu graudos ir mazaks (0,04-0,11%) neka salmos (0,28-
0,81%). Miezu graudos Cl ir divas reizes vairak (0,12%) neka vasaras kviesu (0,06%) un auzu
graudos (0,05%). Hlora saturs auzu salmos (0,45-0,81%) un miezu salmos (0,45-0,81%)
ievérojami parsniedz ta saturu vasaras kvieSu salmos (0,22-0,35%). Starp skirném pastav
atSkiribas (6.attels).
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6.att. Hlora saturs vasaraju labibu graudos un salmos

Graudu un salmu kvalitate. Cietes, kopproteina un tauku saturs noteikts graudos, bet tauku un
kokskiedras saturs ar1 salmos (1.tabula). Visaugstakais cietes saturs graudos raksturigs vasaras
kvieSiem, tiem seko mieZi, bet viszemakais saturs atziméts auzam.

1.tabula
Labibu cietes, kopproteina, tauku un kokskiedras saturs (vidgji, 2007.-2008.9.)
Suga Ciete Kopproteins Tauki, % Kokskiedra, %
graudos, % | graudos, % | Graudos Salmos Graudos Salmos
Auzas 44,3-50,1 10,7 -14,3 4,5-7,9 0,9-1,3 8,0-12,5 | 42,8-44,4
Miezi 59,3-65,4 10,7-11,8 2,0-2,6 0,9-1,5 2,2-4,1 | 43,1-49,2
V. kviesi 64,8-68,5 11,5-15,8 2,0-2,6 0,9-1,2 2,1-2,4 | 40,7-46,8

No kvieSu skirn€m ar augstaku cietes saturu var izcelt ‘Uffo’ un ‘Fasan’ (abam 68,5%),
mieziem - kailgraudu miezu Iiija IC 363 (65,4%), bet auzam ‘Wendela’ (50,1%). Ar1 péc
kopproteina satura visaugstakie raditaji atzimeti kvieSiem, izceloties Skirnei ‘Heta’ (15,8%).
No labibam augstakais tauku saturs graudos raksturigs auzam. P&c §1 raditaja ir lielas
atskiribas starp auzu $kirném. Skirném ‘Wendela’ un ‘Hecht’ tauku saturs ir 1,62-1,78 reizes
mazaks neka tas ir Skirném ‘Laima’ (7,66%) un ‘Darta’ (7,96%). Péc tauku satura graudos
parbauditas miezu un kvieSu Skirnes ir lidzvertigas, un to saturs ir 2,2-3,96 reizes zemaks
neka auzam. Tauku saturs vasaraju labibu salmos nosaciti vienads starp sugam un ir robezas
no 0,9-1,5%. Kokskiedras saturs graudos starp labibu sugam ir atskirigs, augstakais tas ir
auzam, seko miezi, tad kviesi un kailgraudu miezi.

Pelnu saturs graudos un salmos paradits 2.tabula. SalidzinoSi augstaks pelnu saturs gan
graudos, gan salmos ir auzam. Labibu graudu un salmu izmanto$anu siltumenergijas ieguvei
raksturo galvenas problémas dedzinasanas procesa. Salidzinajuma ar kokskaidu brikeSu un
granulu parametriem graudu un labibu salmu granulu parametri atpaliek: tiem ir pat lidz 10
reizém augstaks pelnu saturs, zema pelnu kuSanas temperatiira, palielinats séra un hlora saturs
[9]. Neskatoties uz to, pasaulé graudi tiek izmantoti siltuma ieguvei nelielas jaudas siltuma
razotn€s (< 50 kW), pieméram, Zviedrija darbojas ap 5000 graudu kurinasanas katli [7].
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2.tabula
Labibu graudu un salmu pelnu saturs
Suga Pelnu saturs, %
Graudos Salmos
Auzas, vid., min-max 2,82 (2,70-3,00) 6,27 (5,89-6,64)
Miezi, vid., min-max 2,22 (2,00-2,35) 4,46 (3,87-5,28)
Vas. kviesi, vid., min-max 1,89 (1,78-2,01) 4,80 (4,44-5,12)

Labibu graudu un salmu siltumspg&jas. Miisu izmé&ginajumi paradija, ka no labibu sugam ar
augstaku gan zemako, gan augstako siltumspgju graudiem un salmiem izcelas auzas, tam seko
miezi un vasaras kviesi (7.att€ls). Pec raditas siltumspgjas pastav atskiriba starp Skirn€m sugas
robezas. Augstaka un zemaka siltumspé&ja graudiem iegiita auzu Skirném ‘Laima’ (attiecigi
16981 un 15356 kJ kg™) un ‘Darta’ (16994 un 15353 kJ kg™), miezu - ‘Kristaps’ (16013 un
14378 kJ kg™) un ‘Malva’ (15942 un 14271 kJ kg™), vasaras kviesu - *Zebra’ (15731 un
14092 kJ kg') un ‘Heta’ (15646 un 13988 kJ kg?). Vasaras kvie$u un miezu salmu
siltumspgjas ir augstakas neka graudiem, bet auzam tas kopuma ir zemakas.

P&c augstakiem graudu un salmu siltumsp&ju raditajiem skirnes labibu sugu robezas atskiras.
Auzam augstaku salmu siltumspgju uzrada Skirnes ‘Arta’ un ‘Aragon’, mieziem — ‘Abava’,
kviesiem —Fasan’ un ‘Heta’ (7.att€ls).

Abava
Kristaps :

B Graudi Augst. siltumsp. O Graudi Zem. siltumsp. & Salmi Augst. siltumsp. @ Salmi Zem. siltumsp.

7.att. Vasaraju labibu $kirnu graudu un salmu augstaka un zemaka siltumspgeja

Sakaribas starp graudu kvalitati un siltumsp&ju. Graudu degSanas ipaSibas ir lidzigas citam
biomasam, taCu ir arT noteiktas ipatnibas, kas janem veéra, izmantojot graudus dedzinaSanai
automatiskas darbibas katlos. Svariga nozime ir graudu un salmu kimiskajam sastavam, it
ipasi cietes, tauku un kokSkiedras saturam graudos (1.tabula). Novertgjot sakaribas starp
labibu graudu augstako siltumsp&ju un graudu kvalitati, konstat€jam, ka siltumspgjai pastav
bitiska pozitiva korelacija ar tauku (r = 0,993; 191 = 0,684) un kokskiedras (r = 0,838; rg01 =
0,684) saturu, bet negativa korelacija ar cietes (r = -0,847; rpo1 = 0,684) saturu (8.att€ls).
Auzas, kam raksturigs gan augstaks tauku, gan kokSkiedras, bet zemaks cietes saturs
(1.tabula), salidzinot ar citam graudaugu sugam, likumsakarigi uzrada augstaku siltumspé&ju.
Kopproteina saturam nav biitiskas ietekmes uz graudu siltumsp€ju, korelacija negativa un
zema (r = -0,284; rgo1 = 0,684). Tas nozimé&, ja pec §1 raditaja graudi neatbilst partikas vai
lopbaribas krité€rijiem, tad tie biitu izmantojami apkurei. Analizgjot korelativas sakaribas starp
organisko vielu veidojosajiem elementiem un siltumsp&ju, redzam, ka pastav augstas
korelativas pozitivas saites ar oglekli (r = 0,909; g1 = 0,684) un Gidenradi (r = 0,652; 19,05 =
0,553), bet butiski negativa ar skabekli (r = -0,610; roos = 0,553). Biitiski negativu ietekmi uz
graudu siltumsp€jam uzrada hlora saturs (r = -0,612; rg 05 =0,553). Pastavot augstai korelacijai
starp augstako un zemako siltumsp&ju (r = 0,998 ro01 = 0,684), iepriek§ minétas korelativas
saistibas arT attiecinamas uz zemako siltumspéju. Izvéloties $kirnes siltumenergijas razoSanai,
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ka kritériji biitu piemérojami augstaks tauku un kokskiedras, bet zemaks cietes saturs. Starp
visam labibu sugam var atrast siltumu razoSanai atbilstoSas Skirnes.

Zemi}@ siltsp. I I I I 0,999
-0.610 0.%
0.612 —CI%
S, % | 0.220
H% ]0.653
C% , : —0.909
Koksliedra, % : |0.838
Fauki, % —0.933
-0.244 Proteins, %
-0.847| Ciele, % |
Pelni, % | ; |0.745
Graudu rafa, t ha-1 | : |0.476

-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0

r
8.att. Korelativas sakaribas starp graudu augstakam siltumspéjam un kimisko sastavu

Pateiciba
Izsakam pateicibu Zemkopibas ministrijai par pétijuma finanséSanu.

Secinajumi

Vasaraju graudaugu graudu un salmu siltumspgjas ir atkarigas no sugas un sugas robezas - N0
Skirnes. Péc augstakas un zemakas siltumspéjas graudaugu sugas sarindo $ada seciba: auzas,
miezi, vasaras kvieSi. Sugas robeZas var atrast Skirnes ar atSkirigam augstaku graudu un salmu
siltumspgju. Bitiska nozime ir labibu graudu un salmu kimiskajam sastavam, jo no ta ir
atkarigs iegitais siltumenergijas daudzums no 1 kg patérétas biomasas. Augsts tauku un
kokskiedras, bet zems cietes saturs ir galvenie kritériji sugu un skirpu izvélei siltumenergijas
razoSanai.

Summary
In future biomass are planned as main source as renewable energy. The grain and straw are as
one of representatives of biomass. During 2007 - 2008 at the State Stende Cereal Breeding
Institute the investigations were carried out to define more accurately spring cereals — wheat,
barley and oats for heat production. In the field experiment were sown 4 to 6 varieties from
each species:
e Barley varieties: Abava, Malva, Kristaps, IC 361 (hulless).
e Wheat varieties: Uffo, Vinjett, Heta, Zebra, Fasan.
e Qat varieties: Arta, Laima, Hecht, Darta, Aragon, Wendela.
The organic components (C, H, O, S), starch, fiber, crude protein, Cl content, the highest and
the lowest heating capacity were determined.
During years of 2007 and 2008 the average grain yield of spring wheat was 5.04 t ha™, barley-
4.84 t ha', oats- 4.47 t ha™ (Fig. 1). Chemical composition of cereals grain and straw was
analyzed. Carbon content was higher in oats grain (46.55 - 47%) compared to wheat and
barley (45.34 - 45.80%). Contrary carbon content in straw was higher to wheat (average
47.54%), then barley (46.94%) and oats (46.71%) (Fig. 2). Hydrogen content was higher by
0.58 - 1.8% in grain than in straw (5.52 - 5.72%) for all species (Fig. 3). There were
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differences among varieties by content of these elements (C, H). In spring cereal grains
oxygen content was 42.50 - 46.72%, but in spring cereal straw was 43.23 - 45.80% (Fig. 4).
The one of problem in combustion of grain and straw is heightened content of sulphur (S) and
chlorine (CI), that promoting the corrosion of chimney. There are no significant differences in
S content in spring cereal grains. The higher S content was observed in straw for all barley
varieties and also for two wheat and five oats varieties (Fig. 5). Content of chlorine was less
in grain (0.04 - 0.11%) than in straw (0.28 — 0.81%). CI was two times more in barley grains
(0.12%) than in wheat (0.06%) and oats (0.05%) grain In barley and oats straw the chorine
content (0.45 - 0.81%) several times exceeded in wheat straw (0.22 - 0.35%) (Fig.6).

The quality of grains characterize with the starch, fiber, fat and crude protein, but straw
quality - fiber and fat content (Table 1). Starch content in cereals increased in the following
order: wheat (64.8 - 68.5%), barley (59.3 - 65.4%) and oats (44.3 - 50.1%). The highest crude
protein was for wheat, but fat content - for oats. Oat varieties had big differences in fat
content. Varieties ‘Wendela’ and *Hecht’ had 1.62 - 1.78 times less fat content compared to
varieties ‘Laima’ (7.66%) and ‘Darta’ (7.96%). Cereal species arranged in following order:
oats, barley, wheat by higher fiber content.

The ash content in oats grain was: 2.70 - 3.00%, in barley - 2.00 - 2.35%, in wheat — 1.78 -
2.01%. The ash content in oats straw was 5.89 - 6.64%, in barley — 3.87 - 5.28%, in wheat
4.44 - 5.12% (Table 2).

The highest and the lowest heating capacity of grain and straw were evaluated. The highest
heating capacity of grain was 15475 - 16994 and the lowest — 13828 - 15356 kJ kg™; for straw
— 15788 - 16840 and 14106 - 15230 kJ kg™ respectively. According to this value the cereal
species arranged in the following order: oats, barley and wheat (Fig. 7). The varieties of cereal
were differed in heating capacity depending on chemical composition. Significant positive
correlation was observed between grain heating capacity and fat (r = 0.993; ry0; = 0.684) and
fiber (r = 0.838; o010 = 0.684), but significant negative correlation with starch (r = - 0.847;
ro.o1= 0.684) (Fig.8). The results showed that there are possibilities in different cereal species
to find varieties characterized with high heating capacity.
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