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Abstract - Hemp is suitable as a renewable energy resource. In 2009
The aim of this study was to clarify local hemp’s Cannabis sativa In 2010 Winter rape
L.) possibilities for energy use. Arsenic (As), cadiam (Cd), lead Complex N:P:K, (kg ha) | 6:26:30, 300
(Pb) and titanium (Ti) presence in hemp was determied using an fertilizers
indqctively coupled plasma .optical emissiqn spectroeter In 2008 & May
Optlma 2100 DV. If there. were increased N fer.tlllze.rates, there Sowing time In 2009 A May
were increased hemp 'Rrini’ seeds and shive yield increases, but In 2010 15 May
the oil content was reduced. Arsenic content was dtier in the - N

- i o Sowing rate kg hh 70
shives than in the stems with fibre. The ash conterdepends on — an local h
non-organic substances which the plants absorb durg the - In 2008 - Fttmm (‘L"’_‘tv'an oca ‘emp)
vegetation season. The lignin content depends on seal factors: Hemp varieties | In 2009 Purig?, ‘Bialobrzeskie
plant parts, and the N fertilizer rate. The unexplored factors have In 2010
a great effect on the ash and lignin content. Hemis suitable for N fertilizer rate | kg ha NO, N60, N100
cultivation and for bio-energy production in the ago-climatic In 2008 2% September
conditions in Latvia. Harvesting time| In 2009 21 September

In 2010 28 August
Keywords - Cannabis sativa L ., oil, heavy metals, shive. Trial plots 20
Replication 4 and 3 (in 2010)
Agro-chemicals None

I. INTRODUCTION

Hemp has widespread use: food, animal feed and Arsenic (As), cadmium (Cd), lead (Pb) andniiten (Ti)
alternative energy (biogass, biodiesel and solkd)ftHemp is Presence was determined by the plasma optical Emiss

a suitable plant in heavy metal contaminated sdits, spectrometeOptima 2100 DVbut oil content in hemp seed
production of good quality non-food products in rhiag
climatic conditions (Citterio et al., 2003).

This plant is an irreplaceable rotation crop drganic
farming (Energy..., 2009). Hemp is also quick-gnogyi it
grows by an average of 50 cm a month. Hemp withridis
leafage suppresses weeds, and leaves left on thaftr
harvesting, improve the soil structure (Adangsviet al.,
2007).

The aim of this study was to clarify local hemCannabis
satival.) possibilities of use as an energy resource.

Il. MATERIALS AND METHODS

Hemp Cannabis sativd..) — hemp family Cannbinaceag
annual crop was tested in the following locationsl ander
the conditions described in Table 1.

TABLE |
TRIALS’ METHODS
Place Agricultural science centre of|
Latgale

Soil type Humi-podzolic gley soil

pHkei 7.3
Soil OM, % 3.8 (Turin’s method)
composition P,0s, mg kg* 83 (DL method)

K0, mg kg 65 (DL method)
Pre-crops In 2008, Summer rape
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samples - by the corn analydefratec 1241".

Five consecutive growing hemp plants werendhe shive
content determination, and they were cut 10 cm altbg soil
and were dried until moisture content was 8-10% $ample
was weighed (accuracy + 0001 g), then scutched théhool
JIM-3, broken and shaken until the shives were withdrameh
weighed again and the result was calculated byfdfraulas
(Freimanis et al., 1980). 5% may be dust, etc.elsebstances
were eliminated from shive content

The analysis of ash content and lignin conteas carried
out three times for each average hemp sample wiviah
divided into two, with and without the fibre frorhg hemp
stem. The hemp’s ash content was determined bgralatd
method: crushed samples with a mass of 1.0 g waocegin a
muffle furnace at 750 + 15 °C, and kept there fomdinutes.

The moisture of the sample was determined rbetbe
lignin content determinatior.he lignin content in the samples
was determined by Clason’s method where polysaicdsa
were hydrolysed with a 72% sulphuric acid,8@) solution
(Zakis, 2008).

The weather conditions during trial years waiféerent. In
2008, in Latvia the air temperature in tH&t8n-day period of
May was close to the long-term average, but thexg mo rain.
In June and July there was no precipitation alsoJuly the
average daily temperature corresponded to the temqg-
average and the amount of precipitation was abunttaMay
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2009, the temperature was the same as the longaeenage,
but the amount of precipitation was only 32 % of tbng-
term average. There was rain in June and July.aht@unt of
precipitation in August was only 22 % and in Sefdiem- 52
% of the long-term average.

A statistical evaluation of the data has beeade by
variance analysis, the LSD test. Calculations vmagle using
the program ANOVA.

I1l. RESULTSAND DISCUSSION

Hemp with different uses was compared in tta: ffibre -
variety 'Bialobrezskie', for seed production -dbdemp

'Parini* which has been grown in Latvia for more than 200

years.

N-fertilizer rates had the positive signifitaaffect on the
shive content of hemp ®ini’, but had the negative effect on
the oil content (Fig. 1, Fig 2).

The seed yield for hempuigi' was 2205 kg per ha in
2009, and 1699 kg per ha in 2008, but for 'Bialebkie' - 468
kg per ha in 2009 (Fig. 1, Fig. 2, and Fig. 3).
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Fig. 1. The seed and oil yield and oil contenttf@ hemp ‘Rrini’ in 2008.
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Fig. 2. The seed and oail yield and oil contenttf@ hemp ‘Rrigi’ in 2009.

It is possible to get 370-420 litres of hemp oitlaabout

litre of fossil diesel fuel, because biodiesel haslower
calorific value than fossil diesel fuel (Kahi$i, 2009).

From one hectare of hemputi' it was possible to get
500 - 1000 kg of biodiesel, which is two times ¢eeahan
indicated in the literature (Adamdsgi et al., 2007; Kalps,
2009).
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Fig. 3. The seed and oil yield and oil contenttfee hemp ‘Bialobrzeskie’ in
2009.

Hemp is used to increase the fuel materialsitherand
improve the energy traits (Energy..., 2009). Thguition of
hemp solid fuel is made in two ways: from the stanjust the
shive.

The nitrogen fertilizer rate increase from tdN100 kg/ha
provided a significant (p<0.05) increase in dry te@{DM)
for both varieties of hemp, as confirmed by othardes
(Grabowska et al., 2005; Energy..., 2009).

The agro-meteorological conditions of the yeaad
significantly influenced the hemp yield (Fig. 4igF5).
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Fig. 4. The dry matter and shive yield and shivetewt for the hemp ®ini’
in 2008.

600 kg of hemp cake from one tonne of hemp seed The hemp shive yield ofiRni' and ‘Bialobrzeskie’ were

(Adamovis et al., 2007). One litre of biodiesel substitl@es

not significantly different in 2009 (Fig. 5, Fig).6lr'he largest
shive content was after using N fertilizer rate N60
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Fig. 5. The dry matter and shive yield and shivetent for the hemp ®ini’
in 2009.
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Fig. 6. The dry matter and shive yield and shivateot for the hemp
‘Bialobrzeskie’ in 2009.

V. Scholz and H.J. Hellebrand (2003) studi®ddifferent
energy crops in Germany. They found, that the 8-gearage
of the dry matter yield was 11.2 t/ha from hemp.

Since hemp cultivation has little need fostirde use, the
hemp cultivation is environmentally friendly.

Cadmium was not noted in stems of hemp (Fi§id, 8).
The lower the N fertilizer rate in hemp, the lowegas the
content of As. Arsenic which appears in the airhwihe
burning of fossil fuels. Hemp has absorbed As fridm
atmosphere and water. The more the plants arededwvith
nutrients, the less they absorb arsenic.

Heavy metal (HM) concentrations in all plardars are
different: it is the highest in the root, it is ptigally absent in
the hemp seed, and less in the stem. There is Hidran the
hemp shive than in the stem (Citterio et al., 20®Btrowska-
Cyplik et al., 2003; Eboh et al., 200bfactyxosa, 2008).
Plants absorb HM not only through the roots, bsb dhrough
the leavesI{acryxosa, 2008).
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Fig. 7. Metals in hemp ®Rini’ at different N fertilizer rates and plant conten
in 2009, mg/kdM.
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Fig. 8. Metals in hemp variety ‘Bialobrzeskie’ different N fertilizer rates
and plant content in 2009, mg/kg DM.

The non-combustible material of fuel consistsaish and
moisture. Ash is the mineral that is left over afteel burning
(Benocenbckuii et al., 1980; Cars, 2008).

Ashes in organic fuel derive from the formatiprocess
and from transportation, storage and the handlimgegss. If
the last three are ignored, then the least aslenbig in the
wood (in absolutely dry wood) - about 1% (Cars, 2008)e T
non-flammable part of fuel material consists of.afhe ash
content in pellet and briquette production must erteed
1.5% (Tardenaka et al., 2006). The resulting asimfiy in
the trials was larger than permitted, so hemp cay loe used
as an addition for briquette and pellet production.

Wood grows for an average of 20-40 years anthore
expensive. Pellet and briquette manufacturers hawveed for
biomass plants, which could be added to the wodldeiftotal
ash content does not exceed 1.5% (stanBéi5173). The
ash content of hemp was different (1.0 — 7.3%), ibus
greater than the permitted 1.5% (Fig. 9, Fig. 10).
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Effect of unexplored factors 12,2 8,1
9 S 0,50 0,38
3 i &" LSDo.0s 1,44 1,12
6 g | o _ _
S 5l :”5,,5 Chemical contamination (glue, varnish, etcg ot
G 4 :”é acceptable in pellet production, therefore the ediee
< 3 LHT T :_-”é substance lignin is important for holding the pislieogether.
5 | [ b :é The lignin content for hemp was from 27% to 42%g(Fi1,
14 i . :g Fig. 12). The lignin content is affected more bg thteraction
o LB i BE of various factors (Table 3).
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Fig. 9. Ash content in hemp@iRni’ at different N fertilizer rates and plant
content in 2008-2010, %.
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Fig. 10. Ash content in hemp variety ‘Bialobrzeslat different N fertilizer
rates and plant content in 2009-2010, %.

Ash content may change substantially by cation years
(Fig. 9, Fig. 10, Tab. 2). It is also affected I tN fertilizer

rate and plant partShe ash content of the stem in 2009 was

higher than in the shive. It was influenced by usssoil
contamination (Kymalainen et al., 2004).

TABLE 2

THE PROPORTIONOFINFLUENCING FACTORSON ASH CONTENT
FORHEMP (*P<0.05) 12, %

Hemp varieties
Factor — - -
Piiri pi Bialobrzeskie
Cultivation year (Factor A) 62,6* 70,7*
Plant content — stem or shive
(Factor B) 4,0* 3,4*%
N fertilizer rate (Factor C) 8,6* 4,5*
Interaction between factors AE 5,0% 0,9
Interaction between factors AC 2,7 1,1
Interaction between factors B  2,8* 2,5
Interaction between factors
ABC 1,3 7,0*
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Fig. 11. Lignin content in hemp @fpi’ at different N fertilizer rates and
plant content in 2008-2010, %.
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Fig.12. Lignin content in hemp variety ‘Bialobrzéskat different N fertilizer
rates and plant content in 2009-2010, %.

The high effect of unexplored factors (20%)swaund
after the trials of lignin content. It is possibteat these
differences contributed to the wide variation withthe
variety, making it difficult to ascertain the reéce of the
investigated factors of the lignin content in diéfat parts of
the hemp plant (Table 3).
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Liena PoiSa, Aleksandrs Adamows. Sjas kanepes(Cannabis sativa L.) ka videi draudzigs energoaugs

Kanepes ir piererotas audzSanai Latvijas agroklimatiskajos afigbs. Rtijuma nerkis: nortét kapepju Cannabis sativd..) izmantoSanas iegjas enegijas
ieguSanai. Rtijjuma tika saldzinatas kaepes ar aidrigam izmantoSanas iegjam: iedras ieguvei — Polijak®ne ‘Bialobrezskie’ un &lu ieguvei — vietjas
kanepes ‘Ririni’, kas Latvija ir audztas vaiek ka 200 gadus. Aa (As), kadmija (Cd), svina (Pb) unatia (Ti) daudzums keepes noteikts ar indukvi

saisitas plazmas optigls emisijas spektrometru Optima 2100 DV. [Bp@aiba kaepem ‘Parini’ un ‘Bialobrzeskie’ 2009. gadbitiski neat&iras. Visliekkais
spdu saturs bija, lietojot pela papildngslojuma devu N60. Palielinot N papildsiojuma devas, palieliifas kapepju €klu un spdu raiba, bet samazijas
€ellas saturs. Spas bija liekks As daudzums nélstubljam ar fiksni. Kayepju spos ir vaik smago meiu, nelé stubkja. Pelnu saturs varitiski mairtties pa
audz3anas gadiem. To ieteknai N papildngslojuma devas un augalda. Kaiepsm lignina saturs bija no 27%diz 42%. Ligfina satura iz@ginajumos
konstagts augsts nejtito faktoruipatsvars — 20%. legjams, ka 8das atgiribas veicigja plags at&iribas girnes ietvaros, kas apginaja noskaidrot ptamo
faktoru litiskumu uz ligina saturu daiflas kayepju augu das. Kayepes ir videi draudgs energoaugs.

Jluena Ioiima, Anexkcanap Anamosud. Konomnuist noceBnasi (Cannabis sativa L.) kak 3k0/10ru4ecKH YHCThI HCTOYHUK JHEPrHH

KoHoruist siBisieTcsi BO30OHOBIISIEMBIM HMCTOYHHKOM JHEPIUM, MOAXOIIIMM Ul arpoKIMMAaTH4ecKux ycioBuil JlatBum. Llenb wccrieqoBaHWS: OLEHUTH
BO3MOKHOCTH HCIOJb30Banus konomwm (Cannabis sativa Ljuist monydenus sneprun. B nccieoBaHny MpoBOAMIOCH CPABHEHHE PA3IMYHBIX BO3MOXKHOCTEH
UCIIONBb30BaHUs KOHOIUIM: JUIsl TIPOM3BOJICTBO BOJIOKHA — MONbekuii copt Bialobrezskie',u momyuennst cemsiH — MectHast koHoruis ‘Purini’, BbIpaiiiBaemasi B
JlatBun Ha nporsokenun 6oiee 200 ner. Comeprxanne meimbsika (AS), kagmust (Cd), ceurna (Pb) u Tutana (Ti) B KOHOMIIE ONPEAENSANIOCH CIEKTPOMETPOM C
MHIYKTUBHO-CBsi3aHHOM uiasmoii Optima 2100 DV.Vpoxaiinocts KocTpbl it 06oux coproB koxorm B 2009 roxy cymiectBeHHO He ominuanack. Camoe
6oJIbIIOE COJEPKaHUE KOCTPBI OBUIO JOCTUTHYTO HMPH HCIOJb30BaHMH 10361 NGO 10MONHUTENBHOrO a30THOrO yno006peHus. IIpu moBbIICHNH J103bI A30THOTO
yA00OpeHH s, TOCTUraeTCsl YBEAMYCHHE YPOXKAHHOCTH CEMSIH M KOCTPBI KOHOIUTH, HO CHIDKACTCsl COAepiKaHMe Macia. B xoctpe Habmromamocs Goiee BBICOKOE
cozepxanue AS, ueM B cTeOIIsIX ¢ TyOoM. B kocTpe KoHOIIM GoIbIie TSKENBIX METAILIOB, YeM B MX cTeOsx. ConepikaHue 3016l MOXKET CYIECTBEHHO MEHSAThCS
B 3aBUCHMOCTH OT T0/la Ky/IbTHBAIIUH, Ha 3TOT (PAKTOp BIMSACT TAKXKE A03bI JOMONHUTENbHOrO N yno0penus u BoIoop yactu pactenus. ConepikaHue JIMTHHHA B
KOHOIUIE BapbupoBano oT 27% no 42%. B okcmepuMmeHTax, CBS3aHHBIX C COJACp)KAHHEM JIHTHHHA, OBUI KOHCTATHPOBAH BHICOKHH YJENbHBIH 00BEM
HewccienoBaHHbIX (aktopoB — 20%. Bo3aMoxHO, 4TO TakuM OCOGEHHOCTSIM CIOCOOCTBOBAIIM 3HAYUTEIBHBIC PA3IMYMsA B COPTaX KOHOIUIM, YTO YCIIOXKHHIO
U3ydeHUE BXHOCTH BIMAHUS HCCIIEIyeMbIX (JaKTOPOB Ha COZEpKAaHUE JIMTHUHA B PAa3HBIX YacTAX pacTeHus. KOHOIIA sSBisieTcs G1aronpusaTHBIM SHEPIHYECKUM
PacTCHHEM ISl OKPYXKAFOIEH CPEBI.
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