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IEVADS

ledzivotaju skaits uz planétas Zeme pieaug ar katru gadu, rezultata pasaule
un ar1 Latvija palielinas energijas patérins. Planétas daba ir loti daudzveidiga,
taCu tas resursi ir ierobezoti. Pastav varbiitiba, ka dabas resursi izsiks atrak neka
tiks rastas iesp&jas tos aizvietot ar citam izejvielam. Sabiedriba piesarno
apkartgjo vidi ar visdazadakajiem izmeSiem un kimiskajam vielam, neskatoties
uz to, ka gaiss un fidens ir batiski nepieciesami katrai dzivai radibai.

Eiropas valstis ir uznémusas saistibas samazinat siltumnicefekta gazu
emisijas (Kioto protokols), taja pasa laika parmériga palausanas uz energijas
importu, augstas cenas un klimata parmainas ir reals drauds Eiropas
uzplaukumam nakotn€. Uz So izaicinajumu var atbildét div€jadi: samazinot
pieprasijumu vai arT palielinot jaunu un atjaunojamu energijas avotu proporciju.

Lai mazinatu piesarnojumu, ka atjaunojamais energoresurss jaizmanto
biomasa, aizstdjot visbiezak lietotos fosila kurinama veidus — ogles un naftas
produktus. Biomasu iesp&jams izmantot dazadi, pieméram, bioenergijas ieguvei
un ka biokurinamo.

Atjaunojamo energoresursu izmanto$anas pamatnostadnés (2006. - 2013.
gadam)® ir noradits, ka galvenie atjaunojamie energoresursi Latvija ir biomasa
(koksne) un hidroresursi, mazaka méra tiek izmantota v&ja energija, biogaze un
salmi.

Latvijas ilgtspgjigas attistibas stratégija lidz 2030. gadam ir noradits, ka
,,valsts energgtiskas neatkaribas stiprinaSanai nepiecie$ams, lai valsts samazina
atkaribu no energijas importa, samazinot kop€jas energijas atkaribas bilanci no
65% paslaik uz 35 — 40% 2030. gada. To iesp&jams sasniegt, balstoties uz
vietgjo atjaunojamo energijas resursu Tpatsvara palielinasanu energetika”?.

Biokurinama raZo$anai svarigi izmantot viet§jos resursus, pieméram,
daudzgadigo stiebrzali — miezabrali un s€jas kanepes, atvieglojot to ievieSanu,
istenojot vides aizsardzibas un energijas taupiSanas programmas. Latvija
2013.gada konstatéti nekopti 342 084.29 ha (2011. gada 312 604.00 ha)
lauksaimnieciba izmantojamas zemes (LIZ)®. Tapéc partikas un lopbaribas
ieguvei neizmantojamas platibas var&tu izmantot energétisko augu audzesanai.
Saja promocijas darba tiek izvértéta séjas kanepju un miezabriala piemérotiba
cieta biokurinama ieguvei.

!Atjaunojamo energoresursu izmantoanas pamatnostadnes,
http://www.vidm.gov.Iv/files/text/VIDMPamn_201006__ AERPamn.pdf, skatits 16.06.2011.
?Latvijas ilgtspéjigas attistibas strategija,
http://www.latvija2030.lv/upload/lias_1redakcija_pilnv_final.pdf, skatits 15.07.2012.

® Lauku atbalsta dienests, http://www.lad.gov.Iv/lv/par-mums/aktualitates-un-pazinojumi/dec-
2013/zinami-liz-apsekosanas-rezultati/, skatits 08.08.2014.
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Energétisko augu kvalitates raditajus nosaka vairaki standarti. Katram
biokurinama veidam tie ir atSkirigi, un katra valsti standarti ir savi. Taja pat
laika ir griiti definét idealas augu kvalitates prasibas, jo dazadiem paterétajiem
tas var€tu bt atskirigas, pieméram, lielo un mazo kurtuvju ipasniekiem. Tapat
aktuals jautajums ir razas kvalitates un kvantitates raditaju palielinaSana, taja
pasa laikd nepalielinot apsetas platibas. Lidz ar to liela loma ir videi
draudzigam audze$anas tehnologijam, kas garanté kvalitativaku augsnes
apstradi, piemérotu Skirpu audzéSanu un mesloSanu atbilstoSi augsnes
agroktmiskajiem raditajiem.

Darba hipotéze:

Energétisko augu audz&sanas tehnologijas un kvalitates raditaju izpé&te laus
merktiecigi izmantot s€jas kanepes un miezabrali biokurinama ieguvei.

Petijjuma merkis:

Izvertet s€jas kanepju un miezabrala produktivitates un kvalitates raditajus
cieta kurinama ieguvei Latvijas agrometeorologiskajos apstaklos.

Meérka sasniegSanai izvirziti $adi uzdevumi:

1) noveérteét Latvijas apstakliem piem&rotu, produktivu un videi draudzigu
energétisko augu (miezabrala, s€as kanepju) audz&Sanu un
izmantoSanu cieta kurinama ieguvei;

2) noteikt s€jas kanepju un miezabrala kvalitates raditajus, to piemérotibu
un giit pamatojumu cieta kurinama ieguvei,

3) noskaidrot slapekla méslojuma un agrometeorologisko apstaklu
ietekmi uz s€jas kapepju un miezabrala produktivitati un kvalitates
raditaju mainibu.

Promocijas darba novitate un zinatniskais nozimigums

Latvija pirmo reizi veikts pétijums par agrometeorologisko apstaklu un
slapekla méslojuma ietekmi uz s€jas kanepju un mieZabrala produktivitati,
pelnu saturu, siltumsp&ju, pelnu kuSanas temperatiru un kimisko sastavu.
Petfjuma atklata s€jas kanepju un miezabrala fizikalo un kimisko kvalitates
raditaju mainiba, savstarpjas sakaribas Austrumlatvijas agrometeorologiskajos
apstaklos. legtitie rezultati var klut par pamatu turpmakajiem pétfjumiem par
energétisko kvalitates raditaju un kimisko sastavu ietekmgjosajiem faktoriem.

P&tjjuma rezultati atspoguloti monografija un 22 rakstos latviesu, krievu,
lietuvieSu un anglu valoda. Par darba gaitu un rezultatiem sniegti 28 zinojumi
zinatniskajas konferences, kongresos, simpozija un seminaros Latvija, Lietuva,
Zviedrija, Ukraina, Portugal€, Horvatija u.c.



IZMEGINAJUMA APSTAKILI UN METODES

Izméginajumu vietas un apstaklu raksturojums. Lai novértétu s¢jas
kanepju un miezabrala produktivitati un kvalitati, p&ttjumi veikti no 2008. gada
lidz 2010. gadam. Izméginajumi tika ieklauti SIA ,,Latgales lauksaimniecibas
zinatnes centrs” augu sekas laukos, kas atrodas Vilanu novada (bijusaja
Reézeknes rajona), Vilanu pagasta (Z (N) 56°34"; A (E) 26°58"), 110 metrus virs
juras Ilimena. Reljefs parsvara ir lidzens un nedaudz paugurains.

Sgjas kanepju izméginajuma lauka augsne — velénu gleja (organiskas vielas
saturs augsné — 35 — 38 g kg, reakcija pH KCI 7.0 — 7.3, augiem izmantojama
fosfora saturs — 83 — 145 mg kg™ P,0s, apmainas kalija saturs — 65 — 118 mg
kg' K,O — Egnera — Rima metode). S&jas kanepju laucina lielums 20 m?, tris
atkartojumi. Seklu izs&jas norma kapepém 70 kg ha™. Slapekla méslojums
(amonija nitrats (34 % N)) tika dots 0 kg ha™ N, 60 kg ha™ N, 100 kg ha* N
tirviela (apzimejumi Ny, Ngg, Nigo), kad kanepe€m izveidojas 3 — 6 lapu pari.
Pesticidi s€jas kanepem pielietoti netika.

Lauka izm&ginajumi ar miezabrala $kirném ‘Marathon’ un ‘Bamse’
ierikoti velenpodzoléta glejaugsné (organiskas vielas saturs augsné — 52 g kg™,
pH KCI 5.8, augiem izmantojama fosfora saturs — 20 mg kg™ P,Os, apmainas
kalija saturs — 90 mg kg™ K,0). PriekSaugs: melna papuve. Stiebrzalém laucina
lielums 16 m? izkartoti randomizati, tiTs atkartojumos. Seklu izsgjas norma
stiebrzalem — 25 kg ha™. Lidz ar vegetacijas atjauno$anos miezabralim dots N
papildméslojums (amonija nitrats (N 34 %)) 0 kg ha™ N, 30 kg ha™ N, 60 kg
ha® N, 90 kg ha™ N ftirviela (apzimgjumi No, Nao, Ngo, Neo). Pesticidi, P un K
mineralmésli stiebrzalém netika pielietoti.

Visi agrotehniskie pasakumi veikti optimalos terminos atbilstosi augu
attistibas fazém un meteorologiskajiem apstakliem vegetacijas perioda.

Pétijjuma izmantotas Skirnes. Energgtisko augu sugas un Skirnes
izvElEtas, balstoties uz pétnieku pieredzi Latvija, Lietuva, Igaunija un Zviedrija.
Kanepju Skirne ‘Bialobrzeskie’ (registréta 1968. gada) ir vairaku vienmaju un
divmaju kanepju krustojuma rezultats, miezabrala (Phalaris arundinacea L.)
Skirne ‘Marathon’ ir selekcionéta Igaunija (Allied Seed, L.L.C.) 2009. gada 6.
janvari, miezabrala (Phalaris arundinacea L.) Skirne ‘Bamse’ ir selekcionéta
Zviedrija (Andersson, Bengt) 1998. gada 15. decembri. P&tijuma verteta sgjas
kanepju vietgja skirne ‘Purini’, kas vairak ka 200 gadus audzétas Valmieras
rajona Rijienas pagasta saimnieciba ,,Piksares”.

Meteorologisko apstaklu raksturojums. Lai novertétu teritorijas mitruma
apstaklus, agrometeorologija iesaka noteikt Selaninova (1928) hidrotermisko
koeficientu (Cirkovs 1978; Meshcherskaya, Blazhevich 1997; Ozolinéius,
Stakénas, 2001), jo tas parada noteikta perioda (pieméram, vegetacijas perioda)



nokrisnu daudzuma un iztvaikojamibas attiecibu. Hidrotermiskais koeficients
(HTK) tika aprekinats péc formulas:

HTK = Z—N-lo, @)

2t

>10

kur 2 N — nokri$nu summa attiecigaja perioda, mm;

2t 510 — aktivo temperatiiru summa virs 10°C taja pasa perioda.

legiito hidrotermisko koeficientu raksturojums:

—HTK no 1.0 Iidz 2.0 — mitrums ir pietiekams;

— HTK > 2.0 — parlieku mitrs;

— HTK < 1.0 — nepietickams mitrinajums;

—HTK no 1.0 I1dz 0.7 — sauss;

—HTK no 0.7 Iidz 0.4 — ]oti sauss.

Aprekinot HTK Vilanu novada s€jas kanepém un miezabralim, redzams,
ka vidgji vegetacijas perioda tas bija no 1.0 Iidz 2.0 (1. tab.). Tas nozimé, ka
nepiecieSsamais mitruma daudzums energétisko augu audzesanai 2008. — 2010.
gada bija nodroS$inats. Nepietickams mitruma nodrosinajums bija 2008. — 2010.
gada aprili, kas sniedza labvéligus apstaklus augsnes sagatavoSanai s€jai, bet
augiem vargja veicinat nevienmérigu digSanu. Parlicku mitrs bija jinija (2009),

septembr1 (2009, 2010), kas iesp€jams veicinaja kanepju augSanu un seklu
nogatavosanos.

1. tabula/ Table 1
Hidrotermiska koeficienta vértiba izméginajuma gados Vilanos 2008. — 2010.
Hydrothermal coefficient value for the trial years in Vilani 2008 — 2010

Periods/ Period Skirne/ Variety 2008 | 2009 | 2010

No sgjas lidz ziedeSanas fazei/ ‘Prini’ 1.20 1.52 1.90
From sowing to blooming period ‘Bialobrzeskie’ — 1.61 1.51
Vegetacijas perioda (rudens ‘Parini’ 1.50 1.49 1.39
razai)/ Vegetation period ‘Bialobrzeskie’ — 1.49 1.39
(autumn yield) ‘Marathon’* 2.39 1.48 1.40
‘Marathon’** ‘Bamse’ — 1.51 1.40

* miezabrala $kirne ‘Marathon’, kas ieséta 2008. gada 12. augusta/ reed canary grass
variety ‘Marathon’ the sowing time August 12, 2008

** miezabrala $kirne ‘Marathon’, kas ieséta 2009. gada 29. Aprili, reed canary grass
variety ‘Marathon’ the sowing time April 29, 2009




Veiktie novérojumi, uzskaite un analizes

No katra méslojuma varianta tris atkartojumos tika nonemti miezabrala (16
m?) un kagepju (20 m?) zalmasas paraugi, kas nosvérti ar precizitati + 0.01 kg.
Paraugus izmantoja sausnas noteikSanai. Razas sausna tika noteikta, paraugu
zavejot 105°C temperatiira 11dz nemainigai masai (ISO 6496). Iegitie rezultati
parrekinati hektaram (t ha™).

Analizes veiktas kapepju virszemes biomasas paraugiem, kas sadaliti 2
dalas. Petfjuma tika izmantoti kanepju paraugi bez lapam (t.s. ziedkopas) un
sakn€m (augs apméram 8 — 10 cm no augsnes virskartas) jeb kanepju tehniskais
garums. Miezabralim analizém izmantots viss augs (sakot no 5 — 8 c¢cm no
augsnes virskartas), paraugus kimiskajam analiz€m samalot.

Koksnes/spalu saturs (%) tika noteikts katra atkartojuma vidéjam kanepju
paraugam, kas tika sadalits divas dalas, izzavéts 11dz 8 — 10% mitruma. P&c tam
no katra parauga uz svariem (precizitate + 0.001 g) tika nosveérti 100 g stublaju,
tos samalot ar JIM-3 un sukajot, purinot no liiksnes $kiedras, lai atdalitu spalus.
Vajadzibas gadijuma malSana tika atkartota, kamér spalu daudzums liksné
neparsniedza 10%, spalu atlikums tika izlasits ar rokam (uz galda, kas apklats
ar tumsu papiru). T1ra liksne tika nosvérta (precizitate + 0.001 g). Liiksnes un
spalu saturs aprékinats péc $adam formulam (Freimanis, Holms, JurSevskis u.c.,
1980):

S
C=100-—, )
L

kur C — luksnes $kiedras saturs, %;
S — stublaju masa, g;
L — luksnes masa, g.

K=100-C, (3

kur K — spalu saturs, %;
C — luksnes skiedras saturs, %.

Luksnes skiedras un spalu saturs tika aprékinats ka aritmétiskais vidgjais
no tris atkartojumiem.

Augu paraugu kimiskas analizes tika veiktas vairakas laboratorijas (LLU
Agronomisko analizu zinatniskaja laboratorija, RA Kimijas laboratorija,
Atkritumproduktu un kurinama izp@tes un testéSanas laboratorija SIA
“Virsma”, Klaip&das universitates laboratorija (Klaipadas universitetes oro i$
laivu tyrimu laboratorija)), izmantojot Latvijas Republikas noteiktas
standartmetodes:

- lignina saturs noteikts pec TAPPI T2220m-88 standarta (Klasona metodes).



mitruma daudzums — Wa (LVS CEN/TS 14774 — 2);

pelnu saturs sausam materialam — A — (ISO 1171 — 81);

siltumspéja augstaka pie V = const izzavétam pie 105°C paraugam — Qa,
siltumspéja zemaka pie V = const — Qz (LVS CEN/TS 14918), ar
kolorimetru IKA C 5003;

pelnu kusanas apstakli oksid&josa atmosfera — Dt, St, Ht, Ft (1SO 540);
arséna (As), kadmija (Cd), svina (Pb), calcija (Ca), kalija (K), natrija (Na),
silicija (Si) elementu koncentracija paraugos noteikta ar induktivi saistitas
plazmas optiskas emisijas spektrometru Perkin Elmese Optima 2100 DV
(Rentgenfluorescences metode, Atomabsorbcijas spektroskopija (ISO
11466);

oglekla (C) saturs, masas % (ISO 625, ISO 333);

séra (S) daudzums (ISO 334).

Datu matematiska analize

Iegiitie rezultati statistiski apstradati, pielietojot aprakstoSas un variacijas

statistikas, dispersijas analizes, korelacijas analizes metodes ar Microsoft Excel
for Windows 2000 un SPSS programmas paketi (Arhipova, Balina, 2006). Ar
minétajam programmam iegtti grafiskie atteli un tabulas.



REZULTATI
PRODUKTIVITATE UN TO NOTEICOSIE FAKTORI

Cieta biokurinama ieguvei tika izveleti divi potenciali atskirigi energétiski
augi — sgjas kanepes un miezabralis, kas pieméroti Latvijas agroklimatiskajiem
apstakliem. Izvertgjot rezultatus, ir jagem vera, ka kanepju Skirne
‘Bialobrzeskie’ tika selekcionéta Skiedras ieguvei, viet€jo kanepju Skirne
‘Purini” vairak tika izmantota s€klu ieguvei, miezabrala Skirne ‘Bamse’
selekcionéta bioenergijas ieguvei, Skirne ‘Marathon’ — lopbaribas ieguvei.

Izm&ginajuma gados tika konstatéti atSkirigi agrometeorologiskie apstakli,
kas arT ietekm&ja s€jas kanepju un miezabrala produktivitati. Kanepju stublaju
vidgja sausnas raza viet€jo kanepju Skirnei ‘Purini’ lielaka bija 2009. gada —
9.53 t hal, bet mazaka 2008. gada —7.03 t ha'l, savukart skirnei ‘Bialobrzeskie’
kanepju stublaju vid&ja sausnas raza lielaka bija 2010. gada — 14.29 t ha, bet
mazaka 2009. gada — 13.63 t ha™ (1. att.).
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1. att. Kapepju sausnas raZa atkariba no izméginajuma gada un $kirnes
Fig. 1. Dry matter (DM) depending on the hemp growing year, and variety

Miezabrala Skirnei ‘Marathon’, kas ieséta 2008. gada 12. augusta pirma
razas gada produktivitate bija vidgji 4.71 t ha™, kas bija par 3% liclaka ka
pavasara raza un 2.14 reizes mazaka ki otra gada rudens raza. Skirnei
‘Marathon’, kas ieséta 2009. gada 29. aprili — 2.18 t ha, kas bija par 13%
lielaka ka pavasara raza un 4.01 reizes mazaka ka otra gada rudens raza, Skirnei

10



‘Bamse’, kas ieséta 2009. gada 29. aprili —2.62 t ha™, kas bija par 17% lielaka
ka pavasara raza un 4.02 reizes mazaka ka otra gada rudens raza (2. tab.).

2. tabula/ Table 2
Miezabrala sausnas raza atkariba no razas novaksanas laika, $kirnes un
slapekla méslojuma normas, t ha™/ Dry matter depending on the reed canary grass
yield time, variety, and N fertilizer rates, t ha™

Razas . Sgjas Slapekla méslojuma norma/

laiks/ Skirne/ laiks/ N fertilizer rate, kg ha* (Fg)

Yield Variety Sowing Vidgji/
time (Fa) time 0 30 60 %0 average

‘Marathon® [12.08.08. | 458 4.66 4.75 4.84 4.71
12.10.09. |['Marathon’ [29:04.09. | 203 | 212 | 2.25 2.31 2.18
‘Bamse’ 29.04.09. | 224 2.44 2.78 3.02 2.62
‘Marathon® [12.08.08. | 447 461 4.69 451 457
07.04.10. |Marathon® [29-04.09. | 139 1.81 | 219 2.23 1.91
‘Bamse’  [29:04.09. | 215 | 220 | 221 2.16 2.18
‘Marathon’ [12.08.08. | g9g | 10.18 | 10.77 | 10.45 | 10.10
06.10.10. |Marathon’ |29-04.09. | 861 | 894 | 887 | 857 8.75
‘Bamse’ 29.04.09. | 980 | 1025 | 10.27 | 11.79 | 1053
videji/ average | 4.92 | 525 | 542 | 554 5.28
RS005 |‘Marathon’ [12.08.08. | , = 0.121; g = 0.140; xg = 0.243
LSD g5 ‘Marathon” [29.04.09. | , =0.210; g = 0.243; g = 0.421
‘Bamse’  [29.04.09. | ,=0.132; 5 = 0.153; zg = 0.265

Slapekla méslojuma normas palielinasana kanepém un mieZabralim
nodrosinaja to razas pieaugumu (2. att., 3.att.).

Slapekla m&slojuma normas palielinasana vietgjo kanepju Skirnei ‘Piirini’
no No lidz Ngo nodrosinaja sausnas raZas pieaugumu par 2.70 t ha™ jeb 36%, bet
no Ng lidz Nigp — 1.83 t ha’ jeb 19% 2008. gada. Pirmaja kanepju
izméginajuma gada slapekla normas palielinajums kanepém pozitivi ietekméja
sausnas razu. Slapekla méslojuma normas palielinasana 2009. gada vietgjo
kanepju Skirnei ‘Purini’ no Ny Iidz Ng nodro$inaja sausnas razas palielindjumu
par 2.90 t ha™ jeb 30%, bet no Ngo 1idz Nygo — 2.10 t ha™ jeb 18 procentiem.
Attiecigi kanepju Skirnei ‘Bialobrzeskie’ slapekla méslojuma normas
palielinaana no Ng lidz Ngo deva raZas palielindgjumu par 1.50 t ha™ jeb 11%,
bet no Ng lidz Nigg — 2.30 t ha’ jeb 15 procentiem. Slapekla méslojuma
normas palielinaSana atskirigi ietekmé&ja kanepes ‘Pirini’ un ‘Bialobrzeskie’.
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Atsaucigakas bija ‘Pirini’, kas, iespgjams, izskaidrojams ar kanepju attistibas
atSkirtbam.
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2. att. Kanepju raziba atkariba no slapekla méslojuma normas un $kirnes:
Fig. 2. Dry matter depending on the hemp N fertilizer rates and variety:
Apzim&jumi/ Destignations:
P — kanepju skirne ‘Piirini’/ local hemp variety ‘Puripi’;
B — kanepju skirne ‘Bialobrzeskie’/ hemp variety ‘Bialobrzeskie’.

Slapekla méslojuma normas palielinasana 2010. gada viet€jo kanepju
skirnei ‘Parini’ no Ng lidz Ngo, nodrosinaja sausnas pieaugumu par 1.21 t ha™
jeb 16%, bet no Ngo 1idz Nygo — 1.36 t ha™ jeb 15 procentiem. Kanepju Skirnei
‘Bialobrzeskie’ slapekla méslojuma normas palielina$ana no Ny lidz Ng, deva
razas pieaugumu par 2.02 t ha™ jeb 14%, bet no Ngo 1idz Nyg — 2.39 t ha jeb
14 procentiem. Saja izméginajuma gada kanepes ‘Piirini’ un ‘Bialobrzeskie’
slapekla méslojuma normas palielinajums ietekmgja lidzigi.

Izvértgjot slapekla méslojuma normas 2010. gada 6. oktobra razai, tika
konstatéts, ka produktivaka ir miezabrala Skirne ‘Bamse’, jo No — ‘Bamse’ —
9.80 t ha™, N3p— ‘Bamse’ — 10.25 t ha™, Ngy — ‘Marathon’ (ieséta 12.08.08.) —
10.77 t ha™, Ngo — ‘Bamse’ — 11.79 t ha™* (2. tab.). Attiecigi aprekinot vidgjo
sausnas iznakumu trijam razam katrai slapekla méslojuma normai, secinams, ka
s€jas laiks tam ir noteicoSais, jo produktivaka izradijas Skirne ‘Marathon’
(ieséta 12.08.08.) — 6.01 t ha™ — 6.60 t ha™ (N — Ngo), bet mazak produktiva —
‘Marathon’ (ieséta 29.04.09.) —4.01 t ha™ — 4.37 t ha™ (N — Ngo) (3. att.).
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3. att. MieZabrala sausnas raza atkariba no slapekla méslojuma normas:
Fig. 3.Dry matter depending on the reed canary grass N fertilizer rate:
OMO0s EM09 MB09 Evidsji.

Apzimgjumi/ Destignations:

MO8 — miezabrala Skirne ‘Marathon’, ieséta 2008. gada 12. augusta/ reed canary
grass variety ‘Marathon’ the sowing time August 12, 2008;

M09 — mieZabrala $kirne ‘Marathon’, ieséta 2009. gada 29. aprili/ reed canary
grass variety ‘Marathon’ the sowing time April 29, 2009;

B09 — miezabrala skirne ‘Bamse’, ieséta 2009. gada 29. Aprili / reed canary grass
variety ‘Bamse’ the sowing time April 29, 2009.

Razas veidosanas noteicoSo faktoru Tpatsvars un biitiskums analizéts katrai
Skirnei, veicot divfaktoru dispersijas analizi. Slapekla méslojuma faktors bija
butisks visam Skirném. Vislielaka slapekla méslojuma ietekme tika konstatéta
s€jas kanepem, kas, iesp&jams, izskaidrojama ar kanepju straujo biomasas
veidosanos l1dz ziedesanas fazei (3. tab.).

Lai izvertetu skirnes ka faktora ietekmi, tika veikta trisfaktoru dispersijas
analize s€jas kanepém par diviem izmeginajuma gadiem (2009. — 2010.) un
miezabrala skirném, kas ies€tas 2009. gada pavasarT (4. tab.).

Noskaidrojot laika perioda, slapekla méslojuma normas, $kirnes faktoru
ietekmes Tpatsvaru kanep&m, konstatéts, ka lielu datu vari€Sanu nodroSina
nedaudz, bet bitiski, - arT izm&ginajuma gads (n = 1.1%). Sgjas kanepem
Skirnes izv€le un slapekla meslojuma norma nosaka kanepju razas lielumu.
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3. tabula / Table 3
Faktoru ietekmes Tpatsvars uz séjas kanepju un miezZabrala $kirpu sausnu, 1, % /
The influencing factor proportion on the dry matter of the hemp and reed canary

grass, , %
Faktori / Factors
Suga/ Plant Skirne/ Variety Izméginajuma slapekla mijiedarbiba
9 > gads/ growing méslojums/ N [ interaction
year (A) fertilizer rate (B) (A xB)
S*?(Jii Ef_t}e;es “Pirini’ 26.76% 61.32* 4.45
S ajs
Hemp (stem) | ‘Bialobrzeskie’ 3.12 81.62* 0.52
?éjalS_ ;aﬁepes ‘Parini’ 25.57* 62.37* 4.65
spal1)/ Hemp
(shive) ‘Bialobrzeskie’ 3.14 69.18* 3.27
Miezabralis/ | ‘Marathon’ ** 97.46* 1.11* 1.23*
Reed canary | ‘Marathon’ *** 99.09* 0.26* 0.24
grass ‘Bamse’ 98.43* 0.78* 0.69*

* pétito faktoru ietekme bitiska 95% ticamibas limeni (Fgy > Fogs)/ significant at the
0.05 level

* mieZabrala Skirne ‘Marathon’, kas ieséta 2008. gada 12. augusta/ reed canary grass
variety ‘Marathon’ the sowing time August 12, 2008

** mieZabrala Skirne ‘Marathon’, kas ieséta 2009. gada 29. Aprili, reed canary grass
variety ‘Marathon’ the sowing time April 29, 2009

4. tabula / Table 4
Faktoru ietekmes Ipatsvars uz s€jas kanepju un mieZabrala sausnas razu, n, % /
The influencing factor proportion on the dry matter of the hemp and reed canary

grass, n, %
Energgtiskais augs/ Energy crops
Faktori/ Factors s€jas kanepes/ | miezabralis/ reed
hemp canary grass
Izméginajuma gads/ raZas novakSanas laiks/ " "
Trial year/ yield time (A) 1.09 96.45
Skirne/ Variety (B) 66.09* 1.37*
N méslojuma norma/ N fertilizer rate (C) 23.01* 0.42*
Mijiedarbiba/ Interaction (A x B) 4.09* 0.89*
Mijiedarbiba/ Interaction (A x C) 0.32 0.09*
Mijiedarbiba/ Interaction (B x C) 0.14 0.14*
Mijiedarbiba/ Interaction (A x B x C) 0.92 0.42*
Nepétitie faktori/ Effect of unexplored factors 4.15 0.22

* pétito faktoru ietekme biitiska 95% ticamibas ITmeni (Fgy > Fogs)/ significant at the
0.05 level
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P&tjjuma miezabrala razai tika konstateta biitiska cieSa negativa korelacija
ar pelnu kusanas temperatiram, vidgji cieSa pozitiva korelacija ar oglek]a,
kalcija, kalija, natrija saturu biomasas sausna, augstako siltumsp&ju, vidgji ciesa
negativa korelacija ar pelnu, séra, arséna, kadmija, svina saturu sausna.

Iegtitas miezabrala biomasas korelativas sakaribas parada: jo lielaka raza,
jo augstaka siltumspgja un zemakas pelnu kuSanas temperatiras. Pozitiva
korelacija miezabrala sausnai ar kalcija, kalija, natrija saturu vartu arl
izskaidrot negativas korelacijas sausnai ar pelnu kuSanas temperattiram.

KVALITATES RADITAJU RAKSTUROJUMS

Oglekla saturs. Ogleklis ir nozimigakais elements, kas veido dzivos
organismus un ir galvenais degoSais elements. Ogleklis ir kurinama galvenais
degosais elements, kam ir augsts sadegSanas siltums, un tas veido degosas
masas lielako dalu (benocensckuii, Comsiko, 1980; Cars, 2008). P&tijuma
ieglitie rezultati parada, ka oglekla saturs kanep&m atSkiras ne tikai Skirnes
ietvaros, bet arT stublaja sastavdalas. Oglekla saturs vietgjo kanepju Skirng
‘Pirini” stublajos bija 37.01% + 0.37% un spalos — 38.35% =+ 0.36%, Skirnei
‘Bialobrzeskie’ stublajos — 38.13% + 0.18% un spalos — 37.09% =+ 0.78%.
‘Purini” (2008. — 2010. gada) oglekla saturs spalos bija lielaks ka stublajos.
Skirnes ‘Bialobrzeskie’ spalos oglekla saturs 2010. gada par 6% bija mazaks ka
2009. gada. Izvértgjot slapekla méslojuma normas palielindgjumu uz oglekla
saturu s€jas kanep&m, redzams, ka Skirnei ‘Purini’ spalos tas bija augstaks neka
stublajos, bet Skirnei ‘Bialobrzeskie’ otradi: stublajos augstaks neka spalos.
Slapekla méslojums pozitivi ietekm&ja oglekla saturu, bet nebija bitisks ka
faktors.

Oglekla saturs miezabrala sausna tika konstatets videji 38.3 = 0.5%.
Oglekla saturu ietekméja razas novakSanas laiks un augu vecums: pirma gada
rudens razas sausna oglekla saturs bija robezas 35.0 — 40.4%, bet otra gada —
36.6 — 41.8%. Visliclakais oglekla saturs tika konstatéts miezabrala Skirnei
‘Marathon’ (ieséta 29.04.09). Oglekla raziba no viena hektara bija robezas 1.09
—3.89 t ha'. Ta bija atkariga no kirnes, augu vecuma un slapekla mgslojuma
normas.

Sera saturs. Sers ir nevélama un kaitiga kurinama sastavdala (Cars, 2008).
Seéra saturs vietg§jam kanepem ‘Pirini’ tehniska garuma stublaja bija 0.15% =+
0.006%, bet stublaja sastavdala — spalos — 0.13% + 0.007%. Lielaks séra saturs
noverots 2010. gada, bet mazaks — 2008. gada. Séra saturs kanepju Skirnei
‘Bialobrzeskie’ stublaja bija 0.14% = 0.003%, bet spalos — 0.17% £ 0.005%.
Lielaks s@ra saturs novérots 2010. gada, bet mazaks 2009. gada. Kanepju
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Skirnei ‘Piirini’ s€ra saturs spalos par 0.02% bija mazaks ka stublaja, skirnei
‘Bialobrzeskie’ — stublaja par 0.03% mazaks ka spalos.

Séra saturs miezabrala $kirnei ‘Marathon’ (ieséta 12.08.08.) bija 0.16% +
0.007%, skirnei ‘Marathon’ (ieséta 29.04.09.) — 0.15% =+ 0.007%, Skirnei
‘Bamse’ — 0.17% =+ 0.007%. Lielaks séra saturs noverots 2009. gada 12.
oktobra razas sausna, bet mazaks 2010. gada 7. aprila razas sausna.

Koksnes granulu standarta EN 14961 noradits, ka maksimalais
pielaujamais séra saturs ir lidz 0.1% (Alakangas, 2010). Saja pétfjuma vidgjais
séra saturs s€jas kanepém un miezabralim bija lidz 0.20%, kas uz pusi
parsniedz standarta prasibas. Vistuvak standarta EN 14961 prasibam s€ra saturs
tika konstatéts 2008. gada kapepju Skirnei ‘Parinpi’ — 0.09 — 0.13% un
miezabrala Skirnei ‘Marathon’ otra izméginajuma gada rudens razas sausna
0.12 — 0.13% bez slapekla méslojuma.

Udenraza saturs mieZabrala sausna bija vid&ji 6.26% = 0.06% (4. att.).
Péttjuma tika konstat&ta proporcija H:C 1:6. UdenraZa saturs ir svarigs radittajs,
jo ir viens no kritérijiem, kas nosaka kurinama sadeg3anas Tpasibas. Udenraza
saturu ietekm& N meslojuma norma (P < 0.001) un mijiedabiba starp razas
novaksanas laiku un N méslojuma normu (P < 0.05).
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4. att. UdenraZa saturs mieZabrila sausna atkariba no $kirnes un slipekla
méslojuma normas:
Fig. 4. Hidrogenium content depending on the reed canary grass variety and N
fertilizer rate:

Apzim&jumi/ Destignations:

MO8 — miezabrala Skirne ‘Marathon’, ieséta 2008. gada 12. augusta/ reed canary
grass variety ‘Marathon’ the sowing time August 12, 2008

M09 — miezabrala $kirne ‘Marathon’, ieséta 2009. gada 29. aprili/ reed canary
grass variety ‘Marathon’ the sowing time April 29, 2009

B09 — miezabrala $kirne ‘Bamse’, ieséta 2009. gada 29. Aprili / reed canary grass
variety ‘Bamse’ the sowing time April 29, 2009.
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Pelnu saturs vietéjo kanepju Skirnes ‘Pirini’ stublajos bija 1.63 — 6.11%
(vidgji 2.99 + 0.27) un spalos 1.02 — 6.61% (vidgji 3.48 + 0.31), bet Skirnei
‘Bialobrzeskie’ stublajos — robezas 2.07 — 4.36% (vidgji 3.06 + 0.19) un spalos
1.60 — 2.70% (vidgji 2.16 + 0.08) (5. att.).

Pelnu saturs var bitiski mainities pa izméginajuma gadiem. 2009. gada
s€tajam miezabrala Skirném pelnu saturs (12.10.2009.) bija 15.4% — 19.0%, kas
ir lidzigs pétijumam Kina (Xiong, Zhang, Zhang et al., 2008), bet ‘Marathon’
(ieseta 12.08.08.) vidgji 11.9% (5. tab.). Tapéc pirma gada rudens razu
nerekomend€ izmantot biokurinama vajadzibam. 2010. gada miezabrala
pavasara raza pelnu saturs samazinajas vidéji lidz 2.3 — 7.1%, bet 2010. gada 6.
oktobra raza pelnu saturs miezabralim bija robezas 3.56 — 6.65%. Pelnu saturs
pavasara raza ir mazaks ka rudens razai.
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5. att. Pelnu saturs kanepju sausna atkariba no $kirnes, izméginajuma gada un
stublaja sastavdalas:
Fig. 5. Ash content depending on hemp variety, growing year, and plant part:
Apzimé&jumi/ Destignations:
P — kanepju skirne ‘Piirini’/ local hemp variety ‘Puripi’;
B — kanepju skirne ‘Bialobrzeskie’/ hemp variety ‘Bialobrzeskie’.

Austrija un Vacija ieviesusi standartu granulu razoSana — DIN Plus, kura
noradits, ka pelnu saturs nedrikst parsniegt 0.5% (Tardenaka, Spince, 2006).
Eiropas Savienibas dalibvalstu izstradataja kurinama kvalitates raditaju
standarta CEN/TC 335 minéts v€lamais pelnu saturs 0.7 — 1.5% (Garcia —
Maraver, Popov, Zamorano, 2011). Pelnu saturs kanepém ir loti atSkirigs, un
vidgji tas ir lielaks par kurinamajam pielaujamajiem 1.5 % (standarts DIN)
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(Schon, Hartmann, Reisinger et al., 2010). Koksnes granulu standarta EN
14961 fiksets, ka maksimalais pieJaujamais pelnu saturs ir lidz 1.5% un 3.0%
atkariba no granulu veida (Alakangas, 2010).

5. tabula/ Table 5
Pelnu saturs mieZabrala sausna, % / Ash content in reed canary grass dry matter, %

Slapek]a méslojuma n(irma/ N fertilizer rate,
Razas novaksanas Skirne/ Varie kg ha™ (Fg) _
laiks/ Yield time (Fa) Skime/ Yy 0 30 60 9 a\\//ledréfia/e
‘Marathon’* 12,27 | 11.18 | 12.07 | 12.95 12.12
12.10.2009. ‘Marathon’** 13,64 | 13.91 9.83 10.50 11.97
‘Bamse’ 19.02 | 19.05 | 1491 | 14.49 16.87
‘Marathon’* 3.01 2.29 3.78 6.11 3.80
07.04.2010. ‘Marathon’** 3.50 7.30 5.61 6.91 5.83
‘Bamse’ 4.01 5.29 6.59 7.11 5.75
‘Marathon’* 4.86 3.98 4.21 3.84 4.22
06.10.2010. ‘Marathon’** 5.01 5.39 5.49 5.62 5.38
‘Bamse’ 5.45 6.43 5.69 5.47 5.76
Vidgji / average | 7.86 8.31 7.57 8.11 7.97
‘Marathon’* RS 0054 = 0.133: RS o055 = 0.154: RS .05 a5 = 0.266
‘Marathon’** RS .05 4 = 0.220: RS 4055 = 0.254: RS .05 ag = 0.439
‘Bamse’ RS 9054 = 0.100; RS 055 = 0.115; RS (5 ag = 0.200

* miezabrala Skirne ‘Marathon’, ies€ta 2008. gada 12. augusta/ reed canary grass
variety ‘Marathon’ the sowing time August 12, 2008

** miezabrala Skirne ‘Marathon’, ieséta 2009. gada 29. aprili/ reed canary grass
variety ‘Marathon’ the sowing time April 29, 2009

Pelnu kuSanas temperatiira. Cietajam kurinamajam pelnu kuSanas
temperattira vélama augstaka par 1000°C, lai to varétu izmantot automatiskajas
kurtuves.

Deformacijas temperattira (Dt) kanepju Skirnes ‘Piirini’ stublajiem 2008.
gada bija 1117°C, spaliem — 937°C. 2009. gada skirnes ‘Piirini’ Dt stublajiem
bija 867°C, spaliem — 813°C, Skirnes ‘Bialobrzeskie’ stublajiem — 863°C,
spaliem — 770°C. Deformacijas temperatiira vietgjo kanepju ‘Purini’ stublajiem
2010. gada bija 1150°C, spaliem — 1113°C, skirnes ‘Bialobrzeskie’ stublajiem
—1450°C, spaliem — 1450°C.
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Viet&jo kanepju Skirnei ‘Purini’ pelnu kuSanas temperatira ir lielaka 2010.
gada, bet mazaka — 2009. gada. Kanepju Skirnei ‘Bialobrzeskie’ pelnu kusanas
temperatira atSkiras pa izméginajuma gadiem. Kanepju $kirnei ‘Bialobrzeskie’
2009. gada razas sausnai novérota Dt robezas 710 — 890°C (sublimacija), jo
2009. gada bija nokri$nu deficits, bet temperatiira atbilda ilggad&jiem vidgjiem
raditajiem. Saja pétijuma tika konstatéts, ka 2009. gada kanepés ir lielaks sarmu
metalu un Ca saturs ka 2010. gada.

Salidzinot miezabrala pavasara un rudens pirma gada razu, redzams, ka
pavasara razas sausnai pelnu kuSanas temperatiira ir augstaka. Deformacijas
temperatiira (min — vid. — max) 2009. gada 12. oktobra raZas sausnai bija
robezas 1200°C — 1267°C — 1350°C, pelnu kusanas sakums (St) — 1380°C —
1393°C — 1400°C, pelnu plisanas temperatiira (Ft) — 1450°C — 1470°C -
1480°C. Deformacijas temperatiira (min — vidéji — max) 2010. gada 7. aprila
razas sausnai bija robezas 1300°C — 1370°C — 1400°C, St — 1400°C — 1428°C —
1450°C, Ft — 1500°C — 1500°C — 1500°C. Pavasara razas sausnai pelnu
kuSanas temperatiira sasniedza 1500°C, kas ir maksimala temperatira, ko
fiksgja laboratorija. Ar citos p&tijumos iegiitie rezultati norada, ka miezabralis
cieta kurinama ieguvei ir plaujams pavasari, jo ir augstakas pelnu kuSanas
temperatiiras (Adamovics, Platace, 2012; Jansone, Rancane, Berzins et al.,
2012). Savukart 2010. gada 6. oktobra razas sausnai Dt (min — vid&ji — max)
bija robezas 990°C — 1037°C — 1060°C, St — 1030°C — 1070°C — 1090°C, Ft —
1160°C — 1240°C — 1300°C.

Pelnu kuSanas temperatiira (St, Ht, Ft) s€jas kanepém ir augstaka ka
miezabralim.

Augstaka siltumspgja. Par augstako sadegSanas siltumu sauc to siltumu,
kas izdalas, ja pilnigi sadeg 1 kg kurinama un tidens tvaiki, kuri ir dimu gazes
un kuru veidosanai tiek patéréta dala no kurinama izdalita siltuma, tiek pilnigi
nokondenséti un kondensats atdzes€ts Iidz 0°C, tadejadi nezaudgjot
iztvaikoSanas siltumu (Cars, 2008).

Augstaka siltumspgja viet€jo kanepju ‘Piirini’ stublajos ir 18.68 £ 0.02 MJ
kg™t un spalos — 18.61 £ 0.02 MJ kg'l), Skirnei ‘Bialobrzeskie’ stublajos —
vidgji 18.68 + 0.10 MJ kg™ un spalos — 18.16 + 0.07 MJ kg™. Kanepju
stublajiem un spaliem augstakas siltumspé€jas iznakums no viena hektara ir
lielaks, ja palielina slapekla meslojuma normu (6. att.). Kaut ari augstaka
siltumpgja abam kanepju skirn€m ir lidziga (10. att.), tomér produktivitate ir
dazada (1. att., 2. att.), tap€c arT augstakas siltumsp&jas iznakums no viena
hektara ir biitiski atskirigs.

Augstaka siltuma daudzums miezabrala Skirnei ‘Marathon’ (ies€ta
12.08.08.) — 17.52 + 0.06 MJ kg™, ‘Marathon’ (ieséta 29.04.09.) — 17.47 + 0.07
MJ kg?, ‘Bamse’ — 17.81 = 0.09 MJ kg™ (6. tab.).
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6.att. Augstakas siltumspéjas (Qa) iznakums kanepju sausna atkariba no Skirnes,
slapekla méslojuma normas un stublaja sastavdalas
Fig. 6. Calorific yield depending on the hemp dry matter on variety, N fertilizer rates,
and plant part

6. tabula/ Table 6
Augstaka siltumspéjas iznakums mieZabrala sausna atkariba no slapekla
meéslojuma normas, GJ ha™/ Calorific yield and value depending on the reed
canary grass in dry matter N fertilizer rates, GJ ha™*

.. . Slapekla méslojuma norma/ N fertilizer rate, kg ha™
Skirne/ Variety RS .05
0 30 60 90
‘Marathon’ * 106.34 114.44 117.76 114.13 0.012
‘Marathon’** 70.60 75.29 77.26 75.71 0.034
‘Bamse’ 85.30 89.01 90.22 99.39 0.010
Vidgji/Average 87.41 92.91 95.09 96.41 X

* miezabrala Skirne ‘Marathon’, ies€ta 2008. gada 12. augusta/ reed canary grass
variety ‘Marathon’ the sowing time August 12, 2008

** mieZzabrala $kirne ‘Marathon’, ieséta 2009. gada 29. aprili/ reed canary grass variety
‘Marathon’ the sowing time April 29, 2009

Petijuma tika konstatets, ka palielinot slapekla méslojuma normu,
samazinas augstaka siltumsp&ja (12. att.). Tomér parrekinot augstakas
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siltumspg&jas iznakumu uz vienu hektaru, redzams, ka palielinot skapekla
meslojuma normu, augstakas siltumspgjas iznakums ar1 palielinas (6. tab.).

Ja salidzina vidgjas slapekla m€slojuma normas Ngy un Ny, tad atskiriba ir
1.3% robezas, kas ir loti nebitiska. Skirnei ‘Marathon’ vélamaka slapekla
norma ir Ngp, jO, lietojot Ngo, augstakas siltumspéjas iznakums no viena hektara
samazinas. P&tjuma miezabrala razai tika konstateta vidgji cieSa pozitiva
korelacija ar augstako siltumspgju.

KVALITATES RADITAJU IETEKMEJOSO FAKTORU
IZVERTEJUMS SEJAS KANEPEM

Dazadu faktoru — razas novaksanas laiks vai izméginajuma gads, stublaja
sastavdala un N méslojuma norma — ietekmes Tpatsvars ir paradits 7. tabula.

7. tabula/ Table 7
Faktoru ietekmes Ipatsvars*® uz séjas kanepju kvalitates raditajiem, n, % / The
influencing factor proportion on the hemp quality parameter, #, %

Faktori/ Factors ‘Prini’ ‘Bialobrzeskie’
A Qa A Qa
Izméginajuma gads/ Growing year (A) 72 | 15 18 ns
Auga sastavdala/ Plant part (B) 3 12 36 33
N méslojuma norma/ N fertilizer rate (C) 19 18 5 23
Mijiedarbiba/ Interaction (A x B) 0 0 26 10
Mijiedarbiba/ Interaction (A x C) 3 47 11 ns
Mijiedarbiba/ Interaction (B x C) 1 4 1 17
Mijiedarbiba/ Interaction (A x B x C) 1 3 2 ns
Nepétitie faktori/ Effect of unexplored factors | 1 1 0 12

* pétito faktoru ietekme butiska 95% ticamibas ltmenT (Fy>Fo0s)/ Significant at
the 0.05 level

ns — pétito faktoru ietekme nav bitiska 95% ticamibas ITmeni (Fyy<Fggs)/ none
significant at the 0.05 level

A — pelnu saturs/ ash content

Qa — augstaka siltumspgja/ gross colorific

Pelnu saturs kanep@s ir loti atkarigs no arjas vides faktoriem
(agrometeorologiskajiem apstakl]iem izméginajuma gada, slapekla méslojuma
normas). PEtfjuma tiek konstatetas stublaja sastavdalas (Fg) ietekmes Ipatsvara
atSkiribas: ‘Parini’ — 2.6%, ‘Bialobrzeskie’ — 36.3%, ko varétu izskaidrot ar
atskirtbam augu garuma un stublaja diametra.
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Izvertgjot dazadu faktoru ietekmes Ipatsvaru augstakajai siltumspéjai (Qa),
kanepju Skirnei ‘Bialobrzeskie’ paradas biitiska N méslojuma normas (n =
23.1%) un stublaja sastavdalas (n = 33.2%) ietekme un mijiedarbibas starp
stublaja sastavdalu un N meslojuma normu (n = 17.2%) ietekme (7. tab.).
Viet&jo kanepju Skirnei ‘Pirini’ Qa batiski ietekméja agrometeorologiskie
apstakli izmégindgjuma gada (Fa), N méslojuma norma (Fc) un stublaja
sastavdala, bet vislielako ietekmi uz Qa atstaja mijiedarbiba starp faktoriem A
un C (n = 46.6%). P&tjjuma tika konstatéts butisks (P<0.05) stublaja
sastavdalas ietekmes Ipatsvars — Skirnei ‘Bialobrzeskie’ — 33.2% un Skirnei
‘Pirini” — 12.0%, tapec, lai iegitu lielaku siltumspéju, ir svarigi izvertet, vai ir
racionali kurinamajam izmantot visu kanepju stublaju, vai arT tikai spalus.

Vienadojums Yy=-112.59x+1429 parada pelnu kuSanas deformacijas
temperatiiras atkaribu no pelnu kimiska sastava. Lai palielinatos pelnu kusanas
deformacijas temperatiira, nepiecieSams mazaks pelnu saturs kanepés (7. att.).
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7. att. Sakariba (P < 0.05; n = 15) starp pelnu saturu un deformacijas temperatiiru
séjas kanepju stublajiem:
Fig. 7. The interaction (P < 0.05; n = 15) between ash content and deformation
temperature in hemp stem:
Apzimé&jumi/ Destignations:
A — pelnu saturs/ ash content;
Dt — deformacijas sakuma temperattra/ deformation temperature.

Kanepém tika konstateta butiska kopsakariba starp degosajiem elementiem
— oglekli un seru. Palielinoties kanepju sausna séra saturam, samazinas oglekla
saturs, kas ir galvenais degoSais elements. Tas nozimée, ka augos ir jabiut péc
iesp&jas mazakam s€ra saturam, jo tas ne tikai samazina oglekla saturu, bet art
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veicina koroziju apkures sistémas. Ciesas biitiskas korelacijas C un As, C un Pb
apliecina, ka fitotoksiskie elementi tiek iesaistiti dazadas oglekla struktiiras.

KVALITATES RADITAJU IETEKMEJOSO FAKTORU
IZVERTEJUMS MIEZABRALIM

Pelnu saturs mieZabrala sausna ir atkarigs no agrometeorologiskajiem
apstakliem izm&ginajuma gada (Fa) — vairak ka 80%, tad seko faktoru A un B
mijiedarbiba un slapekla m&slojuma norma (Fg).

Miezabralim augstako siltumspéju ietekmé&ja gan agrometeorologiskie
apstakli izméginajuma gada (Fp), gan slapekla méslojuma norma (Fg), gan Fa
un Fg mijiedarbiba (8. tab.).

8. tabula/ Table 8
Faktoru ietekmes Ipatsvars uz mieZabrala kvalitates
raditajiem (P<0.001), n, % / The influencing factor proportion (P<0.001) on the reed
canary grass quality parameter, 1, %

Skirne/ Faktori/ Factors i
Variety A Qa
Razas novak$anas laiks/ Yield time (A) 94 73
‘Marathon’* Slapekla méslojuma norma/ N fertilizer rate (B) 3 20
Mijiedarbiba/ Interaction (A x B) 3 7
Razas novaksanas laiks/ Yield time (A) 83 88
‘Marathon’** | Slapekla méslojuma norma/ N fertilizer rate (B) 5 8
Mijiedarbiba/ Interaction (A x B) 12 3
RaZas novakSanas laiks/ Yield time (A) 93 86
‘Bamse’ Slapek]a méslojuma norma/ N fertilizer rate (B) 1 12
Mijiedarbiba/ Interaction (A x B) 6 1

* miezabrala $kirne ‘Marathon’, ieséta 2008. gada 12. augusta
** miezabrala skirne ‘Marathon’, ieséta 2009. gada 29. aprili
A- pelnu saturs/ ash content

Qa - augstaka siltumspgja/ gross calorific value

Miezabralim atSkiriba no s€jas kanepém ir vairak butisku korelaciju starp
kvalitates raditajiem (8. att.). Augstakajai siltumspgjai tika konstatEtas
negativas Korelativas sakaribas (P<0.05) ar pelnu saturu (r = -0.52), ar
deformacijas temperatiru (Dt) (r = -0.60), ar kuSanas sakuma tempetatiiru (St)
(r = -0.72), ar hemisféras punktu (Ht) (r = -0.69) un ar pelnu pltsanas
temperatiru (Ft) (r = -0.67).
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8. att. Korelativas sakaribas starp kvalitates raditajiem mieZabrala sausna (n=36):
Fig. 8. Correlation coefficients between quality parameters in reed canary grass’ dry
matter (n=36):

Apzim&jumi/ Destignations:

*—P <0.05

** _ P <0.001;

A — pelnu saturs/ ash content;

Dt — pelnu deformacijas sakuma temperattra/ initial point of deformation: the
sharp peak is rounding;

St — pelnu kusanas sakums/ softening temperature;

Ht — hemisféras punkts/ the point of formation of softening temperature;

Ft — pliSanas temperatiira, kad izkususie pelni izplust pa virsmu/ flow temperature,
the liquid ash dissipates along the surface.

SLAPEKLA MESLOJUMA NORMAS IZVERTEJUMS
Pelnu saturu sgjas kanepem slapekla meslojuma norma ietekméja atskirigi:

vietg§jo kanepju Skirnei ‘Purini’: palielinot slapekla méslojuma normu,
samazinajas pelnu saturs, bet Skirnei ‘Bialobrzeskie’ — otradi — palielinot
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slapekla méslojuma normu, pelnu saturs palielinajas (9. att.). Slapekla
méslojuma norma s€jas kanepeém augstako siltumsp&ju mazak ietekméja skirnei
‘Purini’, bet Skirnei ‘Bialobrzeskie’, lictojot slapekla méslojuma normu Ny,
atikiribas vérojamas nepilna 1 MJ kg™ intervala (10. att.). Tas varétu bt
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9. att. Pelnu saturs séjas kapepés atkariba no Skirnes, stublaja sastavdalas un N
méslojuma normas:
Fig. 9. Ash content depending on the hemp variety, plant part, and N fertilizer rates in
dry matter:
ON0 BIN60 B N100 B vidsji

Izvertgjot slapekla meslojuma normu uz s€jas kanepju pelnu kuSanas
temperatiiru, redzams, ka Ht (hemisféras punkts) un Ft (plusanas temperatira,
kad izkusuSie pelni izplist pa virsmu) ta neietekmé, t.i., temperatiras ir
nemainigas, virs 1500°C (11. att.). Pelnu kuSanas deformacijas temperatira
samazinas gan kanepju spaliem, gan kanepju stublajiem, ja palielina N
méslojuma normu. Pelnu kuSanas temperattira augstaka ir kanepju stublajiem
neka spaliem.

25



]
’
.
ﬁ
-
?
¢

RRRRRARRARAR

2082‘8828‘8 2‘88
— — — —
ZZ ZZ ZZ ZZ

spal/ shive stublajs/ stem spal/ shive stublajs/ stem

Pirini Bialobrzeskie

10. att. Slapekla méslojuma normas ietekme uz séjas kapepju augstako
siltumspéju:
Fig. 10. Calorific value depending on the hemp N fertilizer rates:
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11. att. Slapekla méslojuma normas un stubladja dalas ietekme uz s€jas kanepju
pelnu kuSanas temperatiiru:
Fig. 11. Ash melting behaviour oxidizing atmosphere depending on the hemp plant
part, and N fertilizer rates
ODt Ost BHt B Ft Bvidsi
Apzim&jumi/ Destignations:
Dt — pelnu deformacijas sakuma temperatiira/ initial point of deformation: the
sharp peak is rounding;
St — pelnu kusanas sakums/ softening temperature;
Ht — hemisferas punkts/ the point of formation of softening temperature;
Ft — plasanas temperatira, kad izkususie pelni izplast pa virsmu/ flow temperature,
the liquid ash dissipates along the surface.

26



Palielinot slapekla méslojuma normu, samazinas augstaka siltumspégja
miezabrala Skirném (12. att.). Skirnei ‘Marathon’ Qa neictekmé s¢jas laiks, bet
Qa atskiriba starp $kirni ‘Marathon’ un ‘Bamse’ ir robezas 0.3 — 0.5 MJ kg™

19.0
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NO N30 N60 N90

12. att. Miezabrala augstaka siltumspéja atkariba no
slapekla méslojuma normas:
Fig. 12. Gross calorific value depending on the reed canary grass N fertilizer rates:
EM08 OMO9 EB09 M~idsj
Apzimgjumi/ Destignations:
MO8 — miezabrala Skirne ‘Marathon’, ieséta 2008. gada 12. augusta/ reed canary
grass variety ‘Marathon’ the sowing time August 12, 2008
M09 — miezabrala $kirne ‘Marathon’, ieséta 2009. gada 29. aprili/ reed canary
grass variety ‘Marathon’ the sowing time April 29, 2009
B09 — miezabrala skirne ‘Bamse’, ieséta 2009. gada 29. Aprili / reed canary grass
variety ‘Bamse’ the sowing time April 29, 2009.

Ja palielina slapekla méslojuma normu, tad pelnu kusanas temperatiiras
miezabralim dazadas fazes atskiras 30 — 100°C robezas. Salidzinot pelnu
kuSanas temperatiiru pétijuma analizétajiem augiem, izriet, ka s€jas kanepém
pelnu kuSanas temperatiras fazes St, Ht un Ft slapekla mé&slojuma norma
ietekmé@ salidzino$i mazak ka miezabralim. Tomér Dt miezabralim ir augstaka
ka s€jas kanepeém un tas lielumu neietekme slapekla méslojuma norma.
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KOPSAKARIBAS STARP KIMISKO SASTAVU UN
ENERGETISKAJIEM RADITAJIEM

Petijuma tika konstatéts, ka augstako siltumsp&ju negativi ietekmée
fitotoksiskie elementi As (kapepju stublajiem, r = -0.55; n = 15; P < 0.05), As
un Pb (miezabralim, r = -0.45; r = -0.34; n = 36; P < 0.05), bet pozitivi —
sarmu un sarmzemju elementi Na un Ca (miezabralim, r = 0.49; P < 0.05;
r=63; P <0.001; n = 36).

Pelnu saturam pozitiva korelacija ar Ca saturu (kanepju stublajiem,
spaliemr = 0.87; r = 0.83; n = 15; P < 0.001), ar Na saturu (kagepju stublajiem
r=0.81; n=15; P <0.001), ar As saturu (kanepju stublajiem, r = 0.61; n = 15;
P < 0.05), ar Pb saturu (spaliem r = 0.55; n = 15; P < 0.05), ar S saturu
(miezabralim r = 0.48; n = 36; P < 0.001), negativa korelacija ar Na saturu
(miezabralim, r = -0.65; n = 36; P < 0.001).

Kanepju stublajiem pelnu kusanas deformacijas temperatiira veido pozitivu
linearu sakaribu ar Si (r = 0.74; n = 15; P < 0.05), bet negativu ar K (r = -0.59;
n = 15; P < 0.05), ar Na (r = -0.63; n = 15; P < 0.05), bet St temperatiira veido
pozitivu linearu sakaribu ar As (r = 0.71; n = 15; P < 0.05). Kanepju spaliem
pelnu kusanas deformacijas temperatiira veido pozitivu linearu sakaribu ar Si
(r=0.56; n = 15; P<0.05) un ar S (r = 0.61; n = 15; P < 0.05), un negativu ar K
(r=-0.89; n=15; P<0.001), ar Na (r=-0.61; n=15; P <0.05), ar As (r
=-0.69; n = 15; P < 0.05), ar Pb (r = -0.63; n = 15; P < 0.05), bet St veido
pozitivu linearu sakaribu ar S (r=0.79; n=15; P < 0.001).

Miezabrala sausnai pelnu kusanas deformacijas temperatiira veido negativu
linearu sakaribu ar sarmu un sarmzemju metaliem K, Na, Ca (r = -0.59;
P < 0.001; r = -0.42; P < 0.05; r = -0.55; P < 0.001; n = 36), bet pozitivu
linearu sakaribu veido ar S (r = 0.57; n = 36; P < 0.001), ar fitotoksiskajiem
elementiem As, Cd, Pb (r = 0.73; r = 0.63; r = 0.55; n = 36; P < 0.001).
Lidzigas sakaribas ir nove@rotas arT pelnu kuSanas temperatirai fazu
temperatiram St (kuSanas sakums), Ht (hemisfeéras punkts), Ft (plaSanas
temperatira). P&tjjuma konstatéta, ka pelnu kuSanas temperatirai bitiski
pozitiva korelacija pastav ar Na un ar Ca un negativa ar K.

Sejas kanepém un miezabralim tika konstat€ta sarmu un sarmzemju
elementu negativa ietekme un fitotoksisko elementu pozitiva ietekme uz pelnu
kusanas temperatiiru, tap&c, analiz&jot kvalitates raditajus cieta biokurinama
ieguvei, vajadzetu arT izvertet, kadi faktori ietekmé augu kimisko sastavu.
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SECINAJUMI

Analizgjot sgjas kanepju un miezabrala produktivitati, kvalitates raditajus un
ieglitos rezultatus, var izdarit vairakus secindjumus un sniegt priekslikumus
Latvijas lauksaimniekiem un ieteikumus turpmakajiem petijumiem.

1.

10.

Analizétie energétiskie augi — kanepju Skirnes ‘Pirini’ un
‘Bialobrzeskie’, miezabrala $kirnes ‘Marathon’ un ‘Bamse’ — ir
pieméroti cieta biokurinama ieguvei Latvijas agroklimatiskajos
apstaklos.

S&jas kanepju Skirném ‘Purini’ un ‘Bialobrzeskie’ palielinot slapekla
méslojuma normu lidz 100 kg ha™ N, palielinas sausnas raza un sasniedz
16 tha™.

Miezabrala S§kirn€m ‘Marathon’ un ‘Bamse’ augstas sausnas razas
ieguve — vidgji 9.79 t ha® tiek nodroginata jau no zelmena otra
izmantoSanas gada.

Kanepju sausnas razai tika konstat€ta vidgji cieSa pozitiva korelacija ar
oglekla saturu un auga garumu (P < 0.05), bet spalu raZai — vidgji cieSa
pozitiva korelacija ar auga garumu.

Miezabrala sausnas razai pastav bitiska negativa korelacija ar pelnu
kusanas temperatiiru, ar pelnu, séra, fitotoksisko elementu saturu taja,
pozitiva korelacija ar oglekla, kalcija, kalija, natrija saturu un augstako
siltumspgju.

Samazinoties pelnu saturam kanepé€s, attiecigi palielinas pelnu kusSanas
deformacijas temperatiira.

S€jas kapepém un miezabralim tika konstatéta sarmu un sarmzemju
elementu negativa ietekme un fitotoksisko elementu pozitiva ietekme uz
pelnu kuSanas temperatiru, bet augstakajai siltumpgjai attiecigi —
pozitivas sakaribas ar natrija un kalcija un negativas ar arséna un svina
saturu.

Palielinoties séra saturam energétiskajos augos, samazinas oglekla
saturs, kas ir galvenais degoSais elements. Kanepém netika konstatéta
butiska slapekla méslojuma ietekme uz oglekla un séra saturu.
Energétisko augu produktivitati, kimisko sastavu un augstako
siltumsp&u  butiski  ietekm&a  agrometeorologiskie  apstakli
izméginajuma gada un slapekla méslojuma norma.

Sejas kanepém un miezabralim palielinot slapek]a méslojuma normu,
samazinajas augstaka siltumsp&ja un pelnu kuSanas temperatira, jo N
me&slojuma normas lielums ietekmgja energetisko augu kimisko sastavu.
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INTRODUCTION

The world population increases every year, as a result of which the energy
consumption for the planet and Latvia increases. The earth has biodiversity, but
its resources are limited. The possibility exists, that the natural resources will
be exhausted before new opportunities will be found to replace tham with other
raw materials. Society pollutes the environment with all sorts of emissions and
chemical contents, ignoring the fact, that the air and water are fundamentally
necessary for each living thing.

The European countries have undertaken to reduce the global warming gas
emissions (Kyoto protocol), while at the same time excessively relying an
energy imports. High prices and climatic changes are a real threat to European
prosperity in the future. One can answer this challenge in two ways: to reduce
consumption or to increase the proportion of new and renewable energy
sources.

To reduce pollution, it is necessary to use biomass as a renewable energy
resource, in place of the most common fossil heating sources — coal and oil
products. It is possible to use biomass in various ways, for example to obtain
bioenergy and as a biofuel.

The renewable energy resource exploitation, basic positional statements
(for the years 2006 — 2013)* show that the main sources in Latvia are biomass
(wood — pulp) and hydroresources; to smaller extent wind energy, biogas and
straw are used.

The long-term strategy for development in Latvia up to 2030 indicates
“that the energy independence of the state needs to be strenghthened. It is
necessary that dependence on energy imports should be decreased, and the total
energy dependence level should be decreased from 65% at present to about
35% - 40% in the year 2030. It is possible to achieve that target, based on the
local renewable energy resource proportion being increased for the power
industry™®.

For the production of biofuel it is necessary to use local resources, for
example perennial culmiferous grasses — reed canary grass and sown hemp. To
facilitate the introduction, and to realise environmental protection and energy
conservation programmes; it will be necessary to utilize the fallow farmland at
present not used for crops or cattle. In 2013 it has been noted that Latvia has

4 Atjaunojamo energoresursu izmantoSanas pamatnostadnes,
http://www.vidm.gov.Iv/files/text/VIDMPamn_201006__ AERPamn.pdf, skatits 16.06.2011.
° Latvijas ilgtsp&jigas attistibas stratégija,
http://www.latvija2030.lv/upload/lias_1redakcija_pilnv_final.pdf, skatits 15.07.2012.
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342 084.29 ha of utilized farmland (L1Z) (312 604.00 ha in 2011)° suitability
for utilization as a hard biofuel.

The energy plant quality parameters are defined by various standards. For
each biofuel variety they are different, and for each country they are different.
At the same time it is difficult to define the ideal plant quality requirements, as
they will be different for the various users; for example the owners of large and
small furnaces. In the same way the increase in crop qualitative and
quantitative indices is an urgent matter, without at the same time not increasing
the sown areas. With that there is a large role for environment — friendly
growing technologies, which guarantee qualitative soil tillage, suitable variety
cultivation and the use of fertilizers according to the agrochemical parameters.

The hypothesis of the work:

The investigation of energy plant growth technology and qualitative
parameters will allow a purposeful exploitation of sown hemp and reed canary
grass for use as a biofuel.

The aim of the research:

To evaluate the sown hemp and reed canary grass productivity and quality
parameters for use as a hard biofuel in the agrometeorological conditions of
Latvia.

To achieve the aim of the research the following assignments have been
put forward:

1) To evaluate in the conditions of Latvia suitable, productive and
environmentally friendly energy plants (reed canary grass, sown hemp) for
cultivation and exploitation as a hard biofuel.

2) To establish for sown hemp and reed canary grass qualitative
parameters; their suitability, and to substantiate the exploitation of hard biofuel.

3) To clarify the effect of nitrogen fertilizer and the influence of
agrometeorological conditions on sown hemp and reed canary grass as regards
changes in the productivity and quality parameters.

The originality of the work and scientific significance

For the first time in Latvia research has been carried out on the nitrogen
fertilizer and agrometeorological condition influence on sown hemp and reed
canary grass productivity, ash content, calorific yield, ash melting temperature
and chemical content. The research has shown the physical and chemical
qualitative parameter changes for sown hemp and reed canary grass, and the
mutual interconnection with the agrometeorological conditions of Eastern

® Lauku atbalsta dienests, http://www.lad.gov.Iv/Iv/par-mums/aktualitates-un-pazinojumi/dec-
2013/zinami-liz-apsekosanas-rezultati/, skatits 08.08.2014.
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Latvia. The results can be used for further research on the influencing factors
for qualitiy parameters and chemical structure.

The results of the research are reflected in the monograph and 22 seperate
papers in Latvian, Russian, Lithuanian and English. As regards progress and
results concerning the research 28 reports have been presented at scientific
conferences, symposia and seminars in Latvia, Lithuania, Sweden, Ukraine,
Portugal, Croatia and elsewhere.
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MATERIALS AND METHODS OF THE TRIAL

Locations and characterization of the conditions. To evaluate the sown
hemp and reed canary grass productivity and quality, the research was carried
out in the period 2008 to 2010. The trials took place in the research plant plots
of SIA ”Agricultural Science Centre of Latgale” which is located in Vilani
county, Vilani rural district (Z (N) 56°34.053'; A (E) 26°58.868") 110 metres
above sea level. The topography is generally flat and with a few hillocks.

Sown hemp trials were on the soil type — sod gleysoil (organic matter
content 35 — 38 g kg™, pH KCI 7.0 — 7.3, available plant phosphorms content —
83 — 145 mg kg™ P,0s, potassium content — 65 — 118 mg kg™ K,O — Egner —
Riehm method). Hemp trial plots were 20 m? in three replicates. The seed
norms for hemp were 70 kg ha™. The nitrogen fertilizer (ammonium nitrate
(34%N)) was given as follows 0 kg ha™ N, 60 kg ha® N, 100 kg ha™ N as a
pure ingredient (destignation Ng, Ngo, N1gg) When the hemp had formed 3 — 6
leaves for a couple. Pesticides were not used for the hemp.

The trials with reed canary grass varieties ‘Marathon'” and ‘Bamse’ were
in sod podzolic gleysoils (organic matter — 52 g kg™, pH KCI 5.8, phosphorus
for plant use — 20 mg kg™ P,0s, potassium content 90 mg kg™ K,O — Egner —
Riehm method, precrop — black follow.) The plot sizes 16 m? arranged
randomly, three replications. The seed norms 25 kg ha™ with the renewal of the
vegetation for the reed canary grass a full N postplant fertilizer was given
(amonium nitrate (N 34%)) 0 kg ha™ N, 30 kg ha™ N, 60 kg ha™ N, 90 kg ha™
N as a pure ingredient (designation No, N3g, Ngo, Ngo). Pesticides were not used.

All the agrotechnical undertakings were carried out within the optimal
dates corresponding to the plant development phases and meteorological
conditions in the vegetation period.

The varieties used for the research. Energy plant species and varieties
were chosen on the experience of researches in Latvia, Lithuania, Estonia and
Sweden. Hemp variety ‘Bialobrzeskie’ (registered 1968) is a resultant hybrid
from various monoecious and dioecious hemp plants, reed canary grass
(Phalaris arundinacea L.) variety ‘Marathon’ is selectioned in Estonia (Allied
Seed, L.L.C.) on the 6™ of January 2009, reed canary grass (Phalaris
arundinacea L.) variety ‘Bamse’ selectioned in Sweden (Andersson, Bengt) on
the 15" of December 1998. In the research the local hemp variety ‘Pirini® was
evaluated, it has been cultivated for more than 200 years in the Valmiera
county, Rajiena rural district, on the farm "Piksares".

Description of the meteorological conditions. To evaluate the conditions
of dampness of the area, it is recommend in agrometeorology to use the
hydrothermal coefficient by Selaninov (1928). As confirmed by (Cirkovs 1978;
Meshcherskaya, Blazhevich 1997; Ozolin¢ius, Stakénas, 2001) as it shows in a
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defined period (for example the vegetation period) the amount of precipitation
and the relationship to evaporotion. The hydrothermal coefficient (HTK) was
calculated using the following formula
HTK = Z—N -10, (1)
Zt>lO
where 2 N —amount of precipitation in the given period, mm

2.t .10 — the total temperature over 10°C in the same period.

Analysis of the hydrothermal coefficient data

—HTK from 1.0 to 2.0 — moisture sufficient

— HTK> 2.0 — excessive moisture

— HTK<1.00 — not enough moisture

—HTK from 1.0 to 0.7 — dry

—HTK from 0.7 to 0.4 — very dry.

Calculating the HTK in Vilani county for the sown hemp and reed canary
grass; on average, in the vegetation period, it was from 1.0 to 2.0 (Table 1).
That means that the necessary amount of moisture for the energy plant
cultivation during the period 2008 — 2010 was secured. Insufficient moisture
was noted in the period 2008 — 2010 for the month of April, which presented
good conditions for sowing, but could promote non — uniform germination.
Excessively damp were June (2009), July (2009, 2010) and August (2008). The
increased moisture did not influence the growth of reed canary grass
negatively, as it is characteristic for herbaceous plants to absorb a lot of
moisture. The optimal moisture requirement was observed in June (2008) July
(2008) and September (2009, 2010), which is likely to have helped the growth
of hemp and for the seeds to ripen.

Observations, calculations and analyses carried out. From each
fertilizer variable three repeat samples, were taken from an area of reed canary
grass (16 m?) and hemp biomass (20 m?); which were weighed + 0.01kg. The
samples were used to determine the amount of dry matter. The harvested dry
matter was established, by drying the samples in a temperature of 105°C until a
constant mass remained (ISO 6496). The results were then calculated for a
hectare (t ha™).

The analysis carried out for the surface hemp biomass samples, which are
divided in two parts. In the research the hemp samples used were without
leaves (i.e flowerheads) and roots (the plant is about 8 — 10 cm above the top
soil) or the actual hemp length. For reed canary grass the whole of the plant has
been used for analysis, (starting from 5-8 cm above the top soil) the samples
being ground for chemical analysis.

The shive content (%) was established for the average hemp sample for
each repeat occasion, which was divided in two parts, and dried to a moisture
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content of 8-10%. After that from each sample were weighed on scales 100g of
stalks (+0.001g), and ground with JIM — 3 and then by sucking, shaking,
separating the fibre strings from the phloem, separating the shive. As necessary
the grinding was repeated until the shive amount in the phloem did not exceed
10%, the shive residue was removed by hand (on a table covered with a dark
paper). The pure phloem was weighed (+/-0.001g). The phloem and shive
content worked out by the following formula (Freimanis, Holms, JurSevskis
u.c., 1980)

S
C=100-—, )
L
where C — phloem fibre content, %;
S — stalk mass, g;
L — phloem mass, g.
K =100-C, 3)

where K — shive content, %;

C — phloem fibre content, %.

The phloem fibre and shive content were worked out by taking the
arithmetic average from the three repeat samples.

The chemical analysis of the plant sample was undertaken in various
laboratories (Agronomic analysis scientific laboratory of Latvian University of
Agriculture, Chemical laboratory of Rezekne Higher Education Institution,
Waste product and fuel investigation laboratory “Virsma”, Klaipeda University
laboratory (Klaipedas universitetes oro i§ laivu tyrimu laboratorija)) using the
established standard methods of the Latvian Republic:

e lignin content established by the TAPPI T2220m-88 standard (Clason
method);

e moisture content — Wa (LVS CEN/TS 14774-2) ;
ash content for dry matter — A — (1S0 1171 — 81);
thermal capacity greater than V = const established from dried samples at
105°C — QA. Thermal capacity less than V = const —

e  Qz (LVS CEN/TS 14918) with a calorimeter IKA C 5003;

e ash melting conditions in an oxidising atmosphere — Dt, St, Ht, Ft , (ISO

540);

o  for Arsenic (As) Cadmium (Cd) Lead (Pb) Calcium (Ca) Potassium (K)

Sodium (Na) Silicon (Si) the elemental concentration in the samples was

established with an inductive plasma optical emission spectrometer Perkin
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Elmese Optima 2100 DV (X — ray fluorescence method, atomabsorbtion
spectroscopy (1S0 11466));

e  Carbon (C) content, mass % (IS0 625, 1SO 333);

e  Sulphur (S) amount (1SO 334).

Data mathematical analysis. The results were statistically processed
using descriptive and variable statistics, dispersion analysis, correlation
analysis with Microsoft Excel for windows 2000 and the SPSS programme
packet (Arhipova, Balina 2006) from the programmes mentioned have been
produces the graphic figures and tables.

RESULTS

PRODUCTIVITY AND ITS DETERMINING FACTORS

For the extraction of hard biofuel two potentialy different energy plants
were chosen — sown hemp and reed canary grass, which are suited to the
agroclimatic conditions of Latvia. Evaluating the results, it must be taken into
account, that the hemp variety ‘Bialobrzeskie’ was grown for the extraction of
fibre, the local hemp variety ‘Parini” was more used for seed extraction, reed
canary grass variety ‘Bamse’ was grown for bioenergy purposes, and the
variety ‘Marathon’ for cattle field.

In the trial years there were variable agrometeorological conditions, which
influenced the sown hemp and reed canary grass productivity. For the hemp
stalks the average dry matter yield for ‘Parini” was greatest in 2009 — 9.53 t ha’
! but the lowest in 2008 — 7.03 t ha™, on the other hand for the variety
‘Bialobrzeskie’ the average largest yield was in 2010 — 14.29 t ha™ but the
lowest in 2009 — 13.63 t ha* (Fig 1).

For the reed canary grass variety ‘Marathon’ which was sown in 2008 on
the 12" of August for the first year the annual productivity yield was on
average 4.71 t ha*, which was by 3% greater than the spring yield and 2.14
times smaller than the autumn vyield for the second year. For the variety
‘Marathon’ which was sown in 2009 on the 29" of April — 2.18 t ha*, which
was 13% greater than the spring yield and 4.01 times smaller than the autumn
yield for the second year, for the variety ‘Bamse’ which was sown in 2009 on
the 29™ of April — 2.62 t ha™which was by 17% greater than the spring yield
and 4.02 times smaller than the autumn yield (Table 2).

The increase in the norm for nitrogen fertilizer application for hemp and
reed canary grass insured the yield increase (Fig. 2, Fig. 3).

The increase in nitrogen fertilizer norms for the variety ‘Parini’ from N to
Ngo ensured the dry matter yield increase by 2.70 t ha™ or 36%, but from Ng, to
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Nigo — 1.83 t hat or 19% in 2008. In the first hemp trial year the increase in
nitrogen norms influenced positively the dry matter yields.

The nitrogen fertilizer norm increase in 2009 for the variety ‘Pirini’ from
N to Ngo ensured that the dry matter yield increased by 2.90 t ha™ or 30%, but
from Ng to Nigo — 2.10 t ha' or 18%. Accordingly for the variety
‘Biolobrzeskie’ increases in the norm for nitrogen fertilizer from Ny to Ngy gave
an increased yield by 1.50 t ha™* or 11%, but from Ng, to Nigo— 2.30 t ha™ or
15%. The increase in nitrogen fertilizer norms influenced differently the hemp
varieties ‘Piirini’ and ‘Bialobrzeskie’. More respontive was ‘Piirini’, which can
be possibly explained with differences in hemp evolment.

The increase in nitrogen fertilizer norms in 2010 for the variety ‘Parini’
from Ny to Ngo, ensured an increase in the yield for dry matter by 1.21 t ha™ or
16% but from Ng; to Nygo — 1.36 t ha™ or 15%. For the variety ‘Biolobrzeskie’
the nitrogen fertilizer norm increase from Ng to Ngo gave a yield increase from
2.02 t ha™ or 14%, but from Ng to Nygo — 2.39 t ha™ or 14%. In this trial year
for the varieties ‘Purini’ and °‘Biolobrzeskie’ the nitrogen fertilizer norms
influenced the increased yield alike.

Evaluating the nitrogen fertilizer norms for the reed canary grass in 2010,
the 6" October yield, it was noted that the variety ‘Bamse’ was more
productive, because Ny — ‘Bamse’ — 9.80 t ha™, Ny, — ‘Bamse’ — 10.25 t ha™,
Ngo — ‘Marathon’ (sown on 12.08.08) — 10.77 t ha™, Ngy — ‘Bamse’ — 11.79 t ha’
! (Table 2). Correspondingly calculating the average dry matter yield for the
three harvests for each nitrogen fertilizer norm, it can be concluded, that the
sowing time is decisive as the variety ‘Marathon’ was the most productive
(sown 12.08.08) — 6.01 — 6.60 t ha™ (N — Ngo) but less productive —Marathon’
(sown in 29.04.09) — 4.01 t ha’ — 4.37 t ha™ (N, — Ngo) (Fig. 3).

The determining factor proportions for harvest development are of
essential importance and have been analysed for each variety, using two factor
dispersion analyses. The nitrogen fertilizer factor was fundamental for all
varieties. The greatest influence of nitrogen fertilizer was noted for sown hemp,
which is possible, due to the rapid biomass development until the flowering
stage for hemp (Table 3).

To evaluate the factor influence on the varieties a three factor dispersion
analysis was carried out for the sown hemp over two of the trial years (2009 —
2010) a for the reed canary grass varieties which were sown in the spring of
2009 (Table 4).

Clarifying the time period for nitrogen fertilizer norms for the hemp
varieties, the factor proportion influence was observed to be caused by large
data variability by the chosen variety (n = 66.09%) and the nitrogen fertilizer
norm (n = 23.01%); as well as, but fundamentally, the trial year (n = 1.1%). For
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the sown hemp the choice of the variety and nitrogen fertilizer norms determine
the size of the yield.

To evaluate other reasons for the harvest yield increase or decrease; the
chemical content, the energy parameters, the morphologic parameters for the
yield — length of correlation connections.

In the research for hemp dry matter harvested, a fundamental correlation
was observed between the yield and silicon (Si) content (n = 15, r =0.53, P <
0.05).

In the research for hemp dry matter an average close positive correlation
was observed with the carbon content (n = 15, r = 0.47, P < 0.05) and plant
length (n = 15, r = 0.71, P < 0.05), but for the shive yield -an average close
positive correlation with the plant length (n = 15, r = 0.64, P < 0.05). For the
hemp varieties ‘Parini” and ‘Biolobrzeskie’ it was observed, that there exists a
fundamental connection between the dry matter and the shive yield and length:
the longer the hemp, the greater the yield.

The research on the reed canary grass yield showed a fundamental close
negative correlation with the ash melting temperature; an average close
positive correlation with carbon, calcium, potassim and sodium in the biomass
dry matter, the highest calorific yield; an average close negative correlation
with ash, sulphur, arsenic, cadmium and lead content in the dry matter.

The obtained correlative connections for the reed canary grass biomass
show that the greater the harvested yield, the greater the calorific yield and
lower the ash melting temperature. A positive correlation for reed canary grass
dry matter with calcium, potassium, sodium content could also explain a
negative correlation between the dry mater and the ash melting temperature.

QUALITY PARAMETER CHARACTERISTICS

Carbon content. Carbon is the most important element, which shapes
living organisms and is the main burning element. Carbon in fuel is the main
burning element, with a high combustion heat and it forms the main part of the
burning mass (Benocensckuii, Comsikos, 1980; Cars, 2008). In the research the
obtained results show, that the carbon content for hemp varies not only within
the structure of the variety, but also within the stem sections. The carbon
content in the local hemp variety ‘Parini” was 37.01% =+ 0.37% in the stems and
38.35% =+ 0.36% in the shives, for the variety ‘Biolobrzeskie’ it was 38.13% +
0.18% for the stems and for the shives 37.09% + 0.78%. ‘Parini’ (2008 — 2010)
had larger carbon content in the shives compared to the stems. The variety
‘Biolobrzeskie’ had 6% less carbon in 2010 compared to 2009 in the shives.
Evaluating the nitrogen fertilizer norm increase on the carbon content for the
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sown hemp, it can be seen, that for the variety ‘Parini’ it was greater in the
shives compared to the stem, but for the variety ‘Biolobrzeskie’ it was the
opposite, higher for the stems compared to the shives. Nitrogen fertilizer
influenced positively the carbon content, but was not fundamental as a factor.

The carbon content in the reed canary grass dry matter was observed to be
on average 38.3% = 0.5%. The carbon content was influenced by the harvesting
time and the plant age; for the first year the autumn harvest had carbon content
in the dry matter within the range 35.0 — 40.4%, but for the second year — 36.6
— 41.8%. The largest carbon content was noted for the variety ‘Marathon’
(sown in 29.04.09). The carbon yield for one hectare was within the range 1.09
—3.89 t ha’. It was dependent on the variety, plant age and nitrogen fertilizer
norms.

Sulphur content. Sulphur is an undesirable and harmful part of fuel (Cars
2008). The sulphur content for the local hemp ‘Parini’ for the stems technical
length was 0.15% + 0.006%, but in the shives-part of the stem structure —
0.13% + 0.007%. A greater sulphur content was observed in 2010, but a lesser
in 2008. Sulphur content for the variety ‘Biolobrzeskie’ was 0.14% + 0.003%
in the stem, but — 0.17% =+ 0.005% in the shive. A greater sulphur content was
observed in 2010, but a lesser in 2009. For the variety ‘Purini’ the sulphur
content in the shive was 0.02% smaller than in the stems; for the variety
‘Biolobrzeskie’ — smaller by 0.03% in the stems compared to the shives.

Sulphur content for the reed canary grass variety ‘Marathon’ (sown in
12.08.08) was 0.16% =+ 0.007% for ‘Marathon’ (sown in 29.04.09) — 0.15% =+
0.007%, for ‘Bamse’ — 0.17% =+ 0.007%. The greatest sulphur content was
observed in the yield of dry matter for 12 October 2009, but the least for the 7"
of April 2010.

The wood pulp standard for granules EN14961 shows that the maximum
sulphur content is up to 0.1% (Alakangas, 2010). For this research the average
sulphur content for the sown hemp and reed canary grass was up to 0.20%,
which is above the standard requirement. The nearest to the standard EN14961
requirement for sulphur content was observed in 2008 for the hemp variety
‘Parini” — 0.09 — 0.13% and for the reed canary grass variety ‘Marathon’ in the
second trial year for the autumn harvest dry matter 0.12 — 0.13% without the
nitrogen fertilizer.

Hydrogen content. Hydrogenic content in the reed canary grass dry matter
was on average 6.26% =+ 0.06% (Fig 4). During the research a ratio was
observed H:C 1:6. Hydrogen content is an important indicator, as it is one of
the criteria, which determines the burning qualities of fuel. The hydrogen
content influences the nitrogen fertilizer norm (P < 0.001) and inter connection
between the harvesting time and nitrogen fertilizer norm (P < 0.05).
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Ash content. The ash content in the local hemp variety ‘Parini’ was 1.63 —
6.11% (average 2.99 + 0.27%) in the stems and in the shives 1.02 — 6.61%
(average 3.48 + 0.31%), but for the variety ‘Biolobrzeskie’ in the stems-within
a range 2.07 — 4.36% (average 3.06 + 0.19) and for the shives 1.60 — 2.70%
(average 2.16 + 0.08) (Fig 5). The ash content can fundamentally change per
trial year.

For the reed canary grass varieties (sown in 12.10.2009) the ash content
was 15.4% — 19.0%, which is similar to the research in China (Xiong, Zhang,
Zhang et al., 2008) but for the ‘Marathon’ (sown in 12.08.08) on average
11.9% (Table 5). Therefore the first year autumn harvest does not recommend
itself for use as a biofuel. For the year 2010 spring harvest the reed canary grass
ash content reduced on average to 2.3 — 7.1%, but the harvest for 6 October
2010 for reed canary grass ash content was in the range 3.56 — 6.65%. The ash
content for the spring harvest was lower than for the autumn harvest.

In Austria and Germany a standard has been introduced for granule
production-DIN plus which indicates, that the ash content should not exceed
0.5% (Tardenaka, Spince, 2006). The European Community standard
CEN/TC335 has recommended ash content 0.7 — 1.5% (Garcia — Maraver,
Popov, Zamorano, 2011).

The ash content for hemp is very variable and on average it is greater than
the level recommended for fuel 1.5% (standard DIN) (Schon, Hartmann,
Reisinger et al., 2010). In the wood pulp granule standard EN14961, a
maximum allowable level for ash content has been stated at 1.5% or 3%
dependent on the granule type (Alakangas, 2010).

Ash melting temperature. For hard fuels, the ash melting temperature is
recommanded to be higher than 1000°C, so that it can be used in automated
furnaces.

The deformation temperature (Dt) for the hemp variety ‘Parini’ for the
stems was 1117°C in 2008, for the shives — 937°C. In 2009 for ‘Pirini’ stems —
867°C, for the shives — 813°C; for the variety ‘Biolobrzeskie’ stems — 863°C,
for the shives — 770°C. In 2010 for ‘Pirini’ stems it was — 1150°C, and for the
shives — 1113°C; for ‘Biolobrzeskie’ stems —1450°C and shives —1450°C.

For the local hemp variety ‘Parini’ the ash melting temperature was higher
in 2010, but lower in 2009. For the variety ‘Biolobrzeskie’ the ash melting
temperature varies with the trial year. For ‘Biolobrzeskie’ in 2009 the harvested
dry matter was in the Dt range 710 — 890°C (sublimation) as in 2009 there was
a precipitation deficit, but the temperature was consistent with the long-term
average indicators. In this research it was noted, that in 2009 there was a larger
amount of alkali metals and calcium in the hemp compared to 2010.

Comparing the reed canary grass spring and autumn first year harvests, it
can be seen, that the ash melting temperature is higher for the spring.
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Deformation temperature (min — average — max) for the 12" of October
harvested dry matter was in the range 1200°C — 1267°C — 1350°C, the start of
ash melting (St) 1380°C — 1393°C — 1400°C, and the ash flowing temperature
(Ft) 1450°C — 1470°C — 1480°C.

Deformation temperature (min — average — max) for the 7th of April 2010
harvested dry matter was in the range 1300°C — 1370°C — 1400°C, St —
1400°C — 1428°C — 1450°C, Ft — 1500°C — 1500°C — 1500°C. For the spring
harvested dry matter the ash melting temperature reached 1500°C, which is the
maximum temperature, which was recorded by the laboratory. Also other
research indicates the reed canary grass should be harvested in the spring for
the extraction of hard fuel, as the ash melting temperature are higher
(Adamovics, Platace, 2012; Jansone, Rancane, Berzins et al., 2012). On the
other hand the 6™ of October 2010 harvested dry matter Dt (min — average —
max) was in the range 990°C — 1037°C — 1060°C, St — 1030°C — 1070°C —
1090°C, Ft — 1160°C — 1240°C — 1300°C.

The ash melting temperature (St, Ht, Ft) for the sown hemp is higher than
for the reed canary grass.

The highest calorific yield. The highest burning heat is defined when 1 kg
of fuel is completely burnt and the water vapour, which are the smoke gases
and for which the distributed heat from the fuel is partially used, is completely
condensed and the condensate cooled to 0°C, by that means not losing the
vaporized heat (Cars, 2008).

The highest colorific yield for the local hemp ‘Pirini’ stems is 18.68 +
0.02 MJ kg* and for the shives — 18.61 + 0.02 MJ kg*, for the variety
‘Biolobrzeskie’ for stems-on average 18.68 + 0.10 MJ kg™and shives — 18.16 +
0.07 MJ kg™,

For the hemp stems and shives the highest calorific yield from one hectare
is possible, if the nitrogen fertilizer norm is increased(Fig 6). Even though the
highest calorific yield for both hemp varieties is similar (Fig. 10) the
productivity is different (Fig. 1, Fig. 2), therefore the calorific yield from one
hectare is fundamentally different.

The highest calorific yield for the reed canary grass variety ‘Marathon’
(sown 12.008.08) was 17.52 + 0.06 MJ kg™, and for ‘Marathon’ (sown
29.04.09) — 17.47 £ 0.07 MJ kg, and ‘Bamse’ — 17.81 + 0.09 MJ kg™. It was
observed in the research that increasing the nitrogen fertilizer norm, the highest
calorific yield decreases (Fig. 12). However calculating the highest calorific
yield for one hectare, it can be seen, that increasing the nitrogen fertilizer norm,
the highest calorific yield also increases (Table 6)

Comparing the average nitrogen fertilizer norms Ng, and Ngo, then the
difference is in the range of 1.3%, which is very unsubstantial. For the variety
‘Marathon’ the desirable nitrogen norm is Ngy, because using Ng, the highest
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calorific yield from one hectare reduces. The research for the reed canary grass
harvest showed on average a close positive correlation with the highest
calorific yield.

AN EVALUATION OF THE INFLUENCING FACTORS FOR THE
QUALITY PARAMETERS FOR HEMP

Various factors-the harvesting time or the trial year, the stem constituent
parts and the N fertilizer norm-the influencing proportion is shown in Table 7.
The ash content in hemp is very dependent on the external environment factors
(the agrometeorological conditions in the trial year, the nitrogen fertilizer
norms). In the research were observed the stem part (Fg) influence proportional
differences ‘Parini’ — 2.6%, ‘Biolobrzeskie’ — 36.3%, which could be explained
by differences in the plant length and stem diameter.

Evaluating various factor influencing proportions on the calorific yield
(Qa), for the hemp variety ‘Biolobrzeskie’ there appears an essential influence
for the N fertilizer norm (n = 23.1%) and the stem parts (n = 33.2%) and
interaction between the stem parts and N fertilizer norm (n = 17.2%) (Table 7).
For the local hemp variety ‘Parini’ (Qa) was essentially influenced by the
agrometeorological conditions of the trial year (Fa), the N fertilizer norm (Fc)
and the stem parts, but the greatest influence on (Qa) was the interaction
between the factors A and C (n = 46.6%). In the research it was observed an
essential (P<0.05) stem part proportional influence — for ‘Biolobrzeskie® —
33.2% and ‘Parini’ — 12.0%,; therefore to achieve a greater calorific yield, it is
important to evaluate, if it is rational to use the whole of the stem or only the
shives as a fuel.

The equation y=-112.59x+1429 shows the ash melting deformation
temperature dependency on the chemical content. For the temperature to
increase for ash melting deformation, it is necessary for a lower ash content in
hemp (Fig 7).

For hemp an essential interconnection was observed between the burning
elements-carbon and sulphur. If the sulphur content increases in the hemp dry
matter, the carbon content decreases, which is the main burning element. That
means, that if possible there needs to be less sulphur in plants, as it not only
decreases the carbon content, but also promotes corrosion in the heating
systems. A close essential correlation between C and As, C and Pb confirms
that phytotoxic elements are incorporated in various carbon structures.
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THE QUALITY PARAMETER EVALUATION FOR REED
CANARY GRASS INFLUENCING FACTORS

The ash content in reed canary grass dry matter is dependent on the
agrometeorological conditions in the trial year (Fa) — more than 80%, then
follows the A and B interaction and the nitrogen fertilizer norm (Fg).

For reed canary grass the gross calorific yield was influenced by the
agrometeorological conditions in the trial year (Fa), the nitrogen fertilizer norm
(Fg), also the interaction between F and Fg (Table 8).

For reed canary grass differently from the sown hemp there are more
essential correlations between the quality parameters (Fig 8). For the gross
calorific yield there were observed negative correlation connections (P < 0.05)
with the ash content (r = -0.52) with the deformation temperature (Dt) (r = -
0.60) with the start of melting temperature (ST) (r = -0.72) with the formation
point for softening temperature (Ht) (r = -0.69) and with the flowing ash
temperature (Ft) (r =-0.67).

EVALUATION OF THE NITROGEN FERTILIZER NORMS

The ash content for the sown hemp was influenced differently by the
nitrogen fertilizer norm. For the local hemp variety ‘Pirini’ by increasing the
norm, the ash content reduced, but for the variety ‘Biolobrzeskie’ — it was the
opposite, by increasing the nitrogen fertilizer norm, the ash content increased
(Fig 9).

The nitrogen fertilizer norm for the sown hemp variety ‘Parini’ influenced
less the gross calorific yield, but for the variety ‘Biolobrzeskie’, using the norm
N1 the difference noted was a partial 1 MJ kg™ for the interval (Fig 10). That
could be explained with the development stages of hemp, as ‘Parini’ started to
flower in July and ‘Biolobrzeskie’ in August, and the same for the mass seed
ripening stage. Hemp with the start of the flowering stage tends to become
woody.

Evaluating the nitrogen fertilizer norm for the sown hemp melting
temperature, it can be seen, that Ht (the point of formation of softening
temperature) and Ft (flow temperature, when the liquid ash dissipates along the
surface) does not influence it that is the temperatures are unchanging above
1500°C (Fig. 11). The ash melting deformation temperature lessens for the
hemp shives, as also the hemp stalks, if the N fertilizer norm is increased. The
highest ash melting temperature is for the hemp stems not for the shives.

By increasing the nitrogen fertilizer norm, the gross calorific yield for reed
canary grass varieties decreases (Fig. 12). For the variety ‘Marathon’ the Qa is
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not influenced by the sowing time, but the Qa difference between thr varieties
“‘Marathon’ and ‘Bamse’ is within the range 0.3 — 0.5 MJ kg™

The ash melting temperature for reed canary grass in different phases is
different in the range 30 — 100°C, if the nitrogen fertilizer norm is increased.

Comparing the ash melting temperature for the plants analysed in the
research, it emerges that the ash melting phases St, Ht and Ft are less
influenced by the N fertilizer norms, for the sown hemp compared to the reed
canary grass. Nevertheless Dt for reed canary grass is higher than for the sown
hemp, and it is not influenced by the N fertilizer norms.

THE CONNECTIONS BETWEEN THE CHEMICAL CONTENT AND
THE ENERGY PARAMETERS

The research showed, that the highest calorific yield is negatively
influenced by the phytotoxic elements As (hemp stems r = -0.55, n = 15, P <
0.05), As and Pb (reed canary grass r = -0.45; r = -0.34; n = 36; P < 0.05) but
positively — the alkali and alkali earth elements Na and Ca (reed canary grass r
=0.49, P<0.05, r =63, n = 36, P < 0.001).

Ash content has a positive correlation with the Ca content (hemp stems,
shives r = 87, r = 0.83, n = 15, P < 0.001) with Na content (hemp stems r = 81,
n =15, P < 0.001) with As content (hemp stems r = 61, n = 15, P < 0.05) with
Pb content (stems r = 0.55, n = 15, P < 0.05) with S content(reed canary grass r
= 0.48, n = 36, P < 0.001) a negative correlation with Na content(reed canary
grass (r =-0.65, n =36, P < 0.001).

For the hemp stems the ash melting deformation temperature forms a
positive linear connection with Si (r = 0.74, n = 15, P < 0.05) but a negative
one with K (r =-0.59, n = 15, P < 0.05) also with Na (r =-0.63, n =15, P <
0.05) but St temperature forms a positive linear connection with As (r = 0.71, n
=15, P<0.05)

For the hemp shives the ash melting deformation temperature forms a
positive linear connection with Si (r = 0.56, n = 15, P < 0.05) and with S (r =
0.61, n = 15, P < 0.05) and a negative connection with K (r =-0.89, n = 15, P
< 0.001) also with Na (r = -0.61; n = 15; P < 0.05) and As ((r = -0.69; n = 15;
P <0.05) and Pb (r =-0.63; n=15; P < 0.05) but the St forms a positive linear
connection with S (r =0.79; n = 15; P < 0.001).

For the reed canary grass dry matter the ash melting deformation
temperature forms a negative linear connection with alkaline and alkaliearth
metal K, Na, Ca (r =-0.59, P < 0.001, r =-0.42; P < 0.05, r = -0.55, P < 0.001,
n = 36) but a positive linear connection is formed with S (r = 0.57, n =36, P <
0.001) with phytotoxic elements As, Cd, Pb (r =0.73, r =0.63, r = 0.55, n = 36,
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P < 0.001). Similar connections have been noted for ash melting phase
temperatures St (softening temperature), Ht (the point of formation of softening
temperature), Ft (flow temperature, the liquid ash dissipates along the surface).
The research has shown that for the ash melting temperature an essential
positive correlation exists with Na and Ca, and a negative one with K.

For the sown hemp and reed canary grass a negative influence was noted
for the alkaline and alkaliearth elements and the phytotoxic elements positive
influence on the ash melting temperature, therefore analyzing the quality
parameters for the extraction of hard biofuel, it also must be evaluated, which
factors influence the plant chemical content.

CONCLUSIONS

1. The analysed energy plants-the hemp varieties ‘Parini’ and
‘Biolobrzeskie’, reed canary grass varieties “'Marathon’ and ‘Bamse’ are
suitable for hard fuel exploitation in Latvian agrometeorological
conditions.

2. For the hemp varieties ‘Piirini’ and ‘Biolobrzeskie’ increasing the nitrogen
fertiliser norm to 100 kg ha™, increases the dry matter harvest to 16 t ha™.

3. For the reed canary grass varieties ‘Marathon’ and ‘Bamse’ a high dry
matter harvest yield — an average 9.79 t ha™ is secured from the sward in
the second exploitation year.

4. For the hemp dry matter harvested an average close positive correlation
with the carbon content and plant length (P < 0.05) was observed, but for
the shives harvested, an average close positive correlation with the plant
length.

5. For the reed canary grass dry matter there exists an essential negative
correlation with the ash melting temperature, also with ash sulphur and the
phytotoxic element content in it: a positive correlation with carbon,
calcium, potassium, sodium content and the highest calorific yield.

6. With a decrease in the ash content in hemp, accordingly there is an
increase in the ash melting deformation temperature.

7. For sown hemp and reed canary grass increasing the nitrogen fertilizer
norms, there is a decrease in the highest calorific yield and the ash melting
temperature, as the N fertilizer norm amount influenced the energy plant
chemical composition.

8. As the sulphur content increases in the energy plants, the carbon content
decreases, which is the main burning element. For hemp an essential
nitrogen fertilizer influence was not noticed for carbon and sulphur
content.
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10.

The energy plant productivity, chemical content and highest calorific yield
esentially was influenced by the agrometeorological conditions in the trial
year and the nitrogen fertilizer norm.

For sown hemp and reed caanary grass alkaline and alkaliearth elements, a
negative influence was noted and for the phytotoxic elements a positive
influence was noted for the ash melting temperature, but accordingly for
the highest calorific yield-positive connections with sodium and calcium
and negative for arsenic and lead content.
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