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Abstract. Bioethanol production is one of cereal’s using ways. COM 2003/30/EC: Directive on the
promotion of the use of biofuels or other renewable fuels for transport orders that proportion of biofuels in
2010 must be -5.75% but in 2020 — 10%. The object of research is to study the influence of winter crops
cultivation’s technology on quality of grain and suitability for bioethanol production. Field research was
organized in the Agricultural Science Centre of Latgale from 2005 to 2008. There were researched 5 fertilizer
rates and the influence of varieties on the grain yield and starch in the experiment for 3 years. Starch content,
yield and the result of bioethanol have changed depended on species of cereals, varieties, growing year and
fertilizer rate. It is recommended to use good quality grains with high starch content and low protein content
for bioethanol production.
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levads
Misdienu cilvéces eksistence nav iedomajama bez energijas izmantoSanas visas tautsaimniecibas
nozarés, un tas paterinS ar katru gadu palielinas. Pasaulé strada pie energoefektivitates
paaugstinasanas visos energgetiska cikla posmos. Palielinas atjaunojamo energoresursu, taja skaita
bioenergijas, izmantoSana, lai noverstu vai samazinatu neracionalu dabas resursu patérésanu [1].
Eiropas Savienibas direktiva 2003/30/EC ,Par biodegvielu un citu atjaunojamo degvielu
izmantoSanas veicinaSanu transporta” nosaka, ka biodegvielu ievieSanas apjomi ir tiesa veida
saistiti ar naftas degvielas patérinu valsti. Palielinoties kop&am naftas degvielu paterinam,
palielinas arT tirgii realiz€jamas biodegvielas apjoms. Biodegvielu likuma izvirzits mérkis: veicinat
biodegvielu apriti un nodrosinat, lai lidz 2010.gada 31.decembrim biodegviela veidotu ne mazak
ka 5,75%, bet 2020.gada — 10% no kopgja degvielas daudzuma [2].
Energijas iegliSanai razo etanolu no cieti vai cukuru saturoSiem augiem, kuru Eiropa sauc par
bioetanolu, ko lieto sajaukSanai ar benzinu [3]. Ar biobenzinu automasinas darbinadja Latvija jau
pirms kara. Degvielu no benzina un bioetanola dévéja par latolu [4]. Latola izmantoSana tira
benzina vieta pirmskara Latvija lava ne tikai taupit dargo benzinu, bet arl veicinat
lauksaimniecisko razoSanu un kop€jo ekonomisko efektivitati [5].
Biodegviela ir biodizelis, un bioetanols ir degviela, kas uzskatama par alternativo degvielu
fosilajai no naftas raZotajai degvielai.
Latvija ir jaattista jauns graudaugu izmantoSanas virziens — bioetanola raZoSana. Degvielai
izmantojamais bioetanols sastav no EtOH (etanols) + kogeneracijas vielas; (>99,.6%; H,0<0,4%)
[3; 6]. Bioetanola razoSanai piemé&rotas ir tas graudaugu sugas, kuram graudu endospermas jeb
kodola lielako dalu aiznpem cietes dalinas. Etanola raZoSanai ir nelietderigi izmantot augstas
kvalitates partikas graudus, jo augstais lipekla saturs kvieSu graudos bioetanola ieguves procesa
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veido blivu vidi un trauce rugSanas bakteriju darbibu. Lai biodegvielas stratégija bitu veiksmiga,
ir svarigs nodroSinajums ar augstveértigam izejvielam.

P&tijuma merkis ir izvértét ziemaju audz&$anas tehnologiju un kvalitates piemérotibu bioetanola
razosanai.

Materiali un metodes
Petijums veikts SIA ,,Latgales lauksaimniecibas zinatnes centrs” R&zeknes rajona Vilanos 2005.-
2008.gada.
P&tijuma objekti: ziemas kviesu (Triticum L.), ziemas rudzu (Secale cereale L.), ziemas tritikales
(Triticosecale Wittmack.) Skirnes (1.tabula).
1.tabula
Petamas graudaugu Skirnes

Graudaugu suga Skirne Izveidotajvalsts
Ziemas kviesi Stava Zviedrija
Harnesk Zviedrija
Bjorke Zviedrija
SW Maxi Vacija
Ziemas rudzi Kaupo Latvija
Amilo Polija
Valdai Krievija
Walet Polija
Ziemas tritikales Lamberto Polija
Falmoro Zviedrija

Lauka izmé&ginajums ierikots péc randomiz&to bloku metodes 4 atkartojumos. Laucina kopgja
platiba 2 m x 10 m =20 m?, uzskaites platiba 1,6 m x 10 m = 16 mZ. Izolacija starp variantiem 0,4
m, starp atkartojumiem — 0,5 m, starp Skirném — 2,5 m.

Lauks ir drenéts, reljefs izlidzinats, augsnes noveértgjums 29-32 balles. Lauka izm&ginajums
ierikots velénu vaji podzoléta smilSmala augsneé. Augsnes agrokimiskais raksturojums: organiskas
vielas saturs augsné 2,7 %, pH — 6,7, P,Os — 155 mg kg™ augsnes, K,O — 92 mg kg™ augsnes.
Pamatméslojuma pielietoti kompleksie mineralmésli NPK 5-10-25 300 kg ha' un
papildméslojuma — amonija salpetris saskana ar metodiku katrai sugai (2.tabula).

2. tabula
Pielietotie slapekla meslojuma varianti (N tirviela, kg ha™)

Variants Ziemas kviesi Ziemas rudzi Ziemas tritikales

1. N 60 N 30 N 60

2. N 60+ N 30 N 60 N 90

3. N 90+ N 30 N 90 N 120

4. N 90+ N 60 N 60 + N 30 N 90+ N 30

5. N 90+N 60+ N 30 N 90 + N 30 N 90 + N 60
g;gg“ma 2005., 2007.,2008. | 2005., 2006., 2007. | 2005., 2007., 2008.

AS ,Rézeknes dzirnavnieks” laboratorija ar iekartu Infratec 1241 noteikta graudu kvalitate
(proteins, ciete). Datu matematiskai apstradei izmantota trisfaktoru dispersijas analize ANOVA [7;
8], kur faktors A — izmé&ginajuma gadi, B — skirnes, C — slapekla méslojuma varianti [7]. Kopgjo
starpibu analizé lietota mazaka bitiska robezstarpiba (RS 0,05), faktoru patsvars (nz) un FiSera
kriterijs (F) [7; 9]. Tika veikta ari korelacijas (korelacijas koeficients r) un regresijas
(determinacijas koeficients R?, regresijas koeficients byy) analize starp protelna un cietes saturu
(%) [7; 10]. Graudu raza noteikta, parrékinot uz standartmitrumu 14% [7; 10].
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Lai novertetu ziemaju izmantoSanas iesp€jas etanola raZzoSanai, tika aprékinata iesp&jama etanola
ieguve péc formulam: S x K : 100 = CI; CI x 180 (koef.) : 162 = CU; CU x 41,15 : 100 = E, kur S
— graudu raza (parrékinata uz 12% mitrumu, t ha'l), K — ciete, %, CI cietes raza, t ha, CU -
cukuri, t ha™, E — etanols, t ha™ [7].

Latgales lauksaimniecibas zinatnes centra ir uzstadita Adcon meteostacija, kas savienota ar
datorprogrammu ,,Dacom Plant Plus”. Iekartas sniedz informaciju par agrometeorologiskajiem
apstakliem tie$a izméginajuma tuvuma. Agrometeorologisko apstak]u raksturojums paradits 1. un
2.attela.
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2.att. NokrisSnu daudzums ziemaju vegetacijas perioda 2005.-2008.9.

2005.gads. Sausais un vésais laiks aprila 3.dekadé aizkavEja augu vegetaciju. Junija
meteorologiskie apstakli bija labvéligi ziemaju augSanai un attistibai. Ari julija laika apstakli
sekmé&ja normalu ziemaju nogatavoSanos. Ziemas rudzi inficgjas ar melno graudu sporam, ka
rezultata varpas attistijas melnie graudi. Parmeérigais mitruma daudzums graudu nogatavoSanas
beigu perioda negativi ietekméja graudu kvalitati.

2005./2006.gada ziemoSanas perioda ziemaji parziemoja 0-90%. Maija palielinatais nokriSnu
daudzums labveligi ietekmgja augu augsSanu un attistibu. Jiinija augsné vérojams mitruma deficits.
Jalija bija izteikts mitruma deficits, un augi nesp&ja uznemt baribas vielas un papildus vél izjuta
karstuma radito stresu. Mitruma deficita rezultata augu apak$&jas lapas (treSdala no apaksas)
pilnigi nodzeltgja.
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2007.gads. Maija palielinatais nokrisnu daudzums labvéligi ietekmgja augu attistibu un augSanu.
Junija nokri$nu daudzums bija 69% no normas. Augsné vérojams mitruma deficits. Julija nokrisnu
daudzums divas reizes parsniedza normu. Ziemaju izm&ginajumos bija vérojama veldre. Pirms
razas novakSanas graudi saka digt varpas, tapec iegiiti graudi ar zemu kriSanas skaitli un zemu
proteina saturu.

2008.gads. Aprili laika apstakli labvéligi ietekm&ja ziemaju vegetaciju. Junija vidéja gaisa
temperatiira bija tuvu normai. NokriSnu daudzums puse no normas. Augsné vérojams mitruma
deficits, ko palielinaja ar1 visu periodu pavadosie spécigie veji. Ziemajiem stiebra apaks€jas lapas
saka dzeltet. Julija vidgja diennakts temperatira atbilda vid€jiem ilggadigajiem raditajiem.
Nokrisnu daudzums 1. un 3.dekadé bija 40% no normas, bet otraja — 173%. Nokri$ni augusta
sakuma butiski neietekmgja razas lielumu un kvalitati.

Rezultati un to izvertéjums
Lai nodroSinatu augstu etanola ieguvi no =ziemaju graudaugiem, viens no galvenajiem
nosacljumiem ir pietickami augstas razas iegliSana un cietes satura paaugstinaSana ar optimalu
méslojuma devu. Dazadie laika apstakli — gadi (faktors A), Skirnes (faktors B), slapekla méslojuma
devas (faktors C) un So faktoru mijiedarbiba AxB, AxC, BxC, AxBxC ar 95% varbiitibu tyi>to 05—
butiski ietekmé&jusi graudaugu razu un cietes saturu. Ziemas kvieSiem [11] graudu raza bija
robezas 8,48-10,78 t ha™ (RSo054=0,03), ziemas rudziem — 5,35-7,73 t ha™ (RS 054=0,02), ziemas
tritikalei — 7,41-9,46 t ha™* (RS 054=0,03).
Cietes saturs ziemas kvieSiem svarstijas 11,8% (RSps4=0,07), ziemas rudziem - 1,16%
(RSp,05a=0,11), ziemas tritikalei — 3,62% (RS 054=0,11) robezas.
Salidzinot ietekmes faktoru sadalijumu visam trim sugam, konstatéts, ka razai visaugstaka ir gada
(faktors A), tad skirnes (B) un méslosanas normu (C) ietekme: ziemas kvieSiem — n2A259,4%,
n%8=7,0%, 1°ae=5,7%; ziemas rudziem [7] — n%a=65,0%, n2c=14,7%, n’as=15,0%: ziemas
tritikalei — n2A=38,6%, nZB=36,7%, nZAB:18,6%. Ietekmes faktoru sadalijums cietei: ziemas
kvieSiem — n°a=96,9%, ziemas rudziem — 12a=42,0%, n’8=4,2%, M°a=16,4%, n?ac=2,5%,
N°8c=4,3%, N°ABc=8,7%, Wnepeic fakt=15,7%, ziemas tritikalei — 1°a=88,0%, n’sc=2,1%,
nZABC:3,6%. Kopuma jasecina, ka gada ietekmes faktors ir visaugstakais, jo lauka apstaklos nav
iespgjami divi vienadi gadi [12]. Faktora C ietekme ir paradita 3., 4., 5.tabula.
Vislielakais cietes saturs 64,83% kvieSiem bija méslojuma varianta N60 kg ha™ (3.tabula) un
etanola iznakums uz vienu tonnu graudu kviesiem méslojuma varianta — N60 un N 60+30 kg ha™
(289,16 kg un 288,32 kg).
3.tabula
Meéslosanas normu efektivitate ziemas kvieSiem

Meslojuma Etanola iequve. t Etanola ieguve
normas, Ciete, % Raza, t ha h .1g ' no 1tgraudu,
1 a
kg ha kg
N60 64,83 8,54 2,47 289,16
N60+N30 64,62 9,12 2,63 288,32
N90+N30 64,48 9,51 2,73 287,04
N90+N60 64,18 10,00 2,86 285,98
N90+N60+N30 63,70 10,32 2,93 283,80
RSo,05c=0,09 RS0,05c=0,03
LSD0,05c=0,09 LSD0105C:0,03
1°c=0,6% n%c=25,7%

Latvija audz€tos rudzu graudus izmanto galvenokart etanola ieguvei un maizes cepS$anai. Viens no
svarigakajiem raditajiem, izvert€jot rudzu Skirnu piemérotibu etanola razoSanai, ir cietes saturs
graudos [7].
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Lielakais cietes saturs rudziem 61,43% ir mé&sloSanas varianta N60 kg ha™ (4.tabula), kas nesakrit
ar citu rezultatiem [7], kur ka labakais cietes un etanola ieguves variants tiek noradits
N90+Fungicidi.
Analizgjot etanola ieguvi atkariba no meésloSanas varianta rudziem (4.tabula), konstatéjam, ka
vislielakais iznakums 1,95 t ha™ ir varianta N90+30 kg ha™, bet, parrekinot etanola iznakumu uz
vienu tonnu graudu, labakais mésloSanas variants ir N60 kg ha™.

4.tabula

MeésloSanas normu efektivitate ziemas rudziem

Meslojuma Etanola iequve. t Etanola ieguve
normas, Ciete, % Raza, t ha h _1g ! no 1tgraudu,
1 a
kg ha kg
N30 61,29 5,86 1,60 273,86
N60 61,43 6,13 1,68 274,49
N90 61,10 6,48 1,77 273,01
N60+30 61,16 6,77 1,85 273,28
N90+30 61,02 7,17 1,95 272,66
RSoyo5C=O,14 RSO’05C=0,O3
LSDO’05C:0,14 LSD0105C:0,03
n°c=3,9% n’c=14,7%

Vislielakais cietes daudzums 68,58% tritikalei (5.tabula) ir mésloSanas variantd N60 kg ha™, bet
etanola iznakums uz vienu tonnu graudu — N90 kg ha™* (306,13 kg).

5. tabula
MeésloSanas normu efektivitate ziemas tritikalei
Meslojuma _ . Etanola ieguve, t Etanola ieguve
normas, Ciete, % RaZa, t ha hat k no 1t graudu,
kg ha™ kg
N60 68,58 8,11 2,48 305,67
N9O0 68,55 8,40 2,57 306,13
N120 68,03 8,65 2,63 303,96
N90+N30 68,13 8,72 2,65 304,07
N90+N60 68,10 911 2,77 304,12
R80'05C:0,14 R80105c:0,03
LSDO’05C:0,14 LSDO’05C:0,03
n°c=1,8% n°c=5,5%

Salidzinot ziemas tritikali, kvieSus un rudzus, redzams, ka vislielakais spirta iznakums no vienas

tonnas graudu ir tritikalei, ko arT varétu ieteikt audzet etanola ieguvei, jo ta ir arT mazak prasiga

augsnes zina, aug gandriz visas augsnés. Tai ir paaugstinata sala izturiba (lielaka neka kvieSiem).

Tritikale ir izturiga pret daudzam slimibam [3].

Pétijuma rezultata ziemajiem konstatéta negativa sakariba starp proteinu un cieti:

e ziemas kvieSiem r = -0,47, ko attélo sakaribu vienadojums y = -0,09x + 18,29; R2=0,22;

e ziemas rudziem r = -0,64, ko attélo sakaribu vienadojums y = -1,85x + 124,08; R2=0,42
(3.attels);

e ziemas tritikalei r = -0,45, ko att€lo sakaribu vienadojums y = -0,27x + 30,18; R?=0,20.
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Cietes daudzumam palielinoties par 1%, proteins samazinasies kvieSiem par 0,09%, rudziem — par
1,85%, tritikalei — par 0,27%. Lineara korelacija starp proteinu un cieti ziemas kviesiem [10] un
tritikalei ir vaja | r [<0,5, bet rudziem — vidgji ciesa 0,5<|r|<0,8. Bioetanola razosSanai ieteicams
izmantot labas kvalitates graudus ar augstu cietes saturu un zemu proteina saturu.

Secinajumi

Dazadu gadu meteorologiskie apstakli, Skirnes, m&slojuma normas un $o faktoru mijiedarbiba ar
95% varbiitibu biitiski ietekm@jusi ziemaju graudaugu razu un cietes saturu graudos.

Rudziem vislielakais etanola iznakums 1,96 t ha™ bija méslojuma varianta N90+30 kg ha™, bet,
parrékinot etanola iznakumu uz vienu tonnu graudu, labaka bija méslojuma norma N60 kg ha™.
Vislielakais cietes saturs 68,58% tritikalei un 64,83% kvieSiem bija méslojuma varianta N60 kg
ha®, bet etanola iznakums uz vienu tonnu graudu tritikalei méslojuma varianta N90 kg ha™
(306,13 kg), kviesiem — N60 un N 60+30 kg ha™ (attiecigi 289,16 kg un 288,32 kg).

Pateicibas
Nodibinajumam Vitolu fonds un LAB- AN par pieskirto stipendiju.

Summary

All industries of national economy use energy currently. Use of energy extends yearly. COM
2003/30/EC: Directive on the promotion of the use of biofuels or other renewable fuels for
transport tells that proportion of biofluels in 2010 must be -5.75% but in 2020 — 10%. For getting
bioethanol it must grow crops what contain starch or sugar. Biothanol is used for mixing up with
petrol and is named latol in Latvia. Biofuels (biodiesel and bioethanol) is regarded as alternative
fuel of petroleum product fuels. It must develop bioethanol production - a new using form of
cereals in Latvia.

Tests of winter wheat (Triticum L.), rye (Secale cereale L.), triticale (Triticosecale Wittmack.)
were organized on the fields of the Agritural Science Centre of Latgale. Field tests were performed
in years 2005-2008. The field tests design was random blocks repeated for 4 times. The total area
for a block was 20 m. The soil type was sod-podzolic sandy loam. The content of organic
substances in the soil was 2.7%, pH 6.7, phosphorus — 155 mg kg™ soil, K,O — 92 mg kg™ soil. The
pre-plant was bare fallow. The assessment of graund is 29-32 points. The variants of research,
varieties and years are showed in Tablel and Table 2. The data processing methods are ANOVA
(factor A — year, factor B — variety, factor C — fertilizer rates), correlation (protein, starch) and
regression (protein, starch). The yield of grain is determined by 14% humidity and there is
calculated proportion of factor (n°) and determination coefficient (R%) and correlation ratio (r).
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Starch and protein in grain are determined by Infratec 1241 in stock company “R&zeknes
Dzirnavnieks”. The result of bioethanol was calculated by formula [7]. Meteorogical conditions
were different from 2005 to 2008. 0-90% of cereals wintered in 2006. (Figure 1 and Figure 2).

The results are in Table 3, Table 4, Table 5. The year (A), the varieties (B), the fertilizer rates (C)
and the interaction of factors AxB, AxC, BxC, AxBxC vitaly influenced the yield of grain and
starch with 95% possibility. The highest amount of starch 64.83% (for wheat) is at nitrogen’s
fertilizer rate N60 (Table 3). The outcome of ethanol from 1t of rye grains — N60 and N60+30
(289.16 kg and 288.32 kg). The highest outcome of starch and ethanol for rye also is at the
fertilizer rate N60 (Table 4). The highest amount of starch for triticale 68.58% is in the
technological variant N60 but the outcome of ethanol from 1t grains is N90 (Table5). Triticale has
got the highest outcome of ethanol from 1t of grains. Triticale is the most suitable for bioethanol
production. Triticale has low needs for soil. It is strong against many diseases. Triticale is stronger
against frost than wheat [3]. Negative connection between protein and starches (Figure 3) is stated
for rye, wheat and triticale. The highest influence on yield is the year’s (Factor A) then the
varieties’ (B) and fertilizer’s variants (C). It is recommended to use good quality grains with high
starch and low protein content for bioethanol production.
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