Rudite SAUSSERDE?, Aleksandrs ADAMOVICS', Semjons IVANOVS', Volodimir BULGAK OV 2
!Latvia University of Agriculture

2 National University of Life and Environmental Seies of Ukraine

e-mail: semjons@apollo.lv

INVESTIGATIONSINTO GROWING AND HARVESTING INDUSTRIAL HEMP
Summary

Interest for possibilities of the industrial henPafinabis sativa L.) growing in Latvia is increasipgar by year and they
are considered as one of the most promising renalomass sources to replace non-renewable nat@sdurces for
manufacturing of wide range industrial products.eTdim of this research was to evaluate of biomassrial of some in-
dustrial hemp varieties to be recommended to growaitvia and clarify carbon content. The biomefp&rameters of ten
industrial hemp cultivars have been investigate@@i1-2012. Depending on the variety the green-gveund biomass
varies from 36 - 54 t hhin 2011 and from 48 - 75 t Han 2012. The highest green over-ground biomassatmsained cul-
tivar ‘Futura 75’ up to 75 t hd. The carbon content in hemp stems was found fth624- 45.38% . The article defines the
key specific requirements for the hemp harvestiaghimes.
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1. Introduction growing of industrial hemp is its harvesting. Theather
conditions in Latvia during the hemp vegetation aadvest-
The industrial hempQJannabis sativa..) is one of the ing period sharply differ from the weather condisoin
earliest domesticated and widespread crop all ¢ver Western Europe.
world. For many centuries hemp has been cultivated
source of strong stem fibre and seed oil in Lajialn 2. Materials and methods
the 19" century the cultivation of industrial hemp in
Europe declined but recently interest has beenwedge The field trial was carried out in 2011-2012 insRarch
for example in Germany, France, the Netherland, thand Study farm “Peterlauki” (56°53'N, 23°71'E) diet Latvia
United Kingdom, Spain and lItaly, but also elsewhiere University of Agriculture, in the sod calcareousis@HKCI
the world [6]. And nowadays industrial hemp hasdme 6.7, containing available for plants P 52 mg kgkK 128 mg
very important as a crop for biomass productionviEn kg™, organic matter content 21 to 25 gkgn the soil. There
ronmental concern and recent shortages of wooe fibfiyvere ten industrial hemp cultivars tested — ‘Biatmskie’,
have renewed interesting hemp as a raw materiah for ‘Futura 75, ‘Fedora 17, ‘Santhica 27’, ‘BenikdFerimon’,
wide range of industrial products including textile@a-  ‘Epsilon 68, ‘Tygra’, ‘Wojko’ and ‘Uso 31'.
per, and composite wood products [4]. Hemp sowing was made byintersteigerplot sowing
It is fast-growing and suitable for Latvia's agro- machine in the middle of May. The trial was randpml
climate conditions. Latvian hemp sowing areas agisf  spaced, triplicate. The plot size 7.nfertilizer application
tered only in year 2008 and in year 2009 was gr@s@ rate — N120P80K112 kg HaSeed rate 50 kg Heor average
ha. In recent years, the amount of industrial hemgw- 250 germinate able seeds per? m the field rotation, indus-
ers and cultivated areas has increased in Latwda @+ trial hemp followed previous crop — spring barle\emp was
cording to data provided by Association of Indwtri harvested by amall moweMF-70 (leaving the stubble of 5-
Hemp of Latvia, plantations area of hemps is approx 8 cm) when the first matured seed appeared.
mately 600 ha in Latvia in 2012. And it means thater- During both growing seasons the industrial hemakst
est for possibilities of the hemp growing in Latv&ain-  was estimated. Total height of hemp stalk was nredsiiom
creasing year by year. And they are considerechasod  the soil surface to the tip of plant. No pesticitike insecti-
the most promising renewable biomass sources bedaus cides, herbicides, desiccants were used.
contains the energy which comes from the sun [1]. The yield of green and dry biomass was evaluatéemp
Through the process of photosynthesis, chloropbigt  harvesting time. The main task of research predemee was
sent in plants absorbs the energy from the surohyert-  to evaluate biomass potential of ten industrial pemltivars
ing the carbon-dioxide present in air and watemfthe  under Latvian climatic conditions. The yield of ahsely dry
ground in carbohydrates. hemp biomass was calculated according to the dagaeen
In Latvia industrial hemp is legally allowed to be biomass and its moisture content at harvestingudysyears.
grown but the main requirement is that hemp plantShe carbon content in hemp stem was determinedatyoa
should have a low THCTetrahydrocannabigl content  analyzerEltra CS-500 which operates on the principles of
(less than 0.2%). The EU common catalogue of tese chromatography. The ash content in hemp stem wees-de
of agricultural plant species contains the listhwihore  mined by a standard method for the rapid ash ptatuc
than 47 industrial hemp varieties [2]. And it iffidult to  method 1SO 5984:2002.
decide which variety from this list could be possito Meteorological data as temperature was obtainedh fr
grow in Latvia with good results and with high biass  Dobele Hydro-meteorological Station (HMS). Precifiins
yield. The aim of this research was to evaluatéiof  were taken during growing season near to the tfialds in
mass potential of some industrial hemp varietiedb@o farm Peterlauki. Meteorological conditions duringtth grow-
recommended to grow in Latvia and clarify carbon-co ing season can be described as good with temperig. 1)
tent. and wet with periodic substantial rainfall (Fig. @hat was
The most complicated technological operation & th good for hemp growth and development.
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Figure 1. Average temperature during the growing season. 2011 — 2012 and
long-term average (°C):
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Figure 2. Precipitations during growing seasonin 2011 — 2012 and long-term (mm):
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A statistical evaluation of the data has been ntade the first six weeks of growth [4]. According to tdata pre-
ANOVA, variance analysis, the LSD test. Correlationsented in Figure 1 and Figure 2, we can see thstar@ogi-
and regression analysis methods were used forpdata  cal conditions during both trial years were diverigat both
essing. growing seasons were abundant in rainfall whictfedd

In order to facilitate the choice of a more effii  only at hemp growing stages and there was gooddmhpe
harvesting technology of industrial hemp, invedtmas  for hemp growth.
have been started into the technical-economic avd p  According to results, in the years of investigatidhe
formance indicators of the machines. highest stalk length was observed of cultivar ‘Biakeskie’
(2.63 m) in 2011 and cultivar ‘Tygra’ (3.06 m) i022 (Tab.
1). There were significant difference between défe culti-

Industrial hemp cultivars growth and development i vars and growing season. The lowest stalk length ola
dependent of meteorological conditions during grawi served of cultivar ‘Wojko’ (1.95 m) in 2011 and tuar ‘Bia-
period [6]. Hemp grows best when mean daily temperaobrzeskie’ (2.26 m) in 2012.
tures are between 14°C and 27°C and it requires-abu  Statistical evaluation showed that the meteorchgion-
dant moisture throughout the growing season, partic ditions during growing season as a factor had #ineince on
larly while young plants are becoming establishednd)  the results of total hemp stalk length.

3. Results and discussion

Table 1. Stalk length of industrial hemp varieties

Varieties Plant stalk length, m
2011 2012 Average
Bialobrzeskie 2.63 2.26 2.44
Futura 75 2.54 2.48 2.51
Fedora 17 2.47 2.59 2.53
Santhica 27 2.52 2.66 2.59
Beniko 2.52 2.84 2.68
Ferimon 2.41 2.84 2.63
Epsilon 68 2.50 2.88 2.69
Tygra 2.49 3.06 2.78
Wojko 1.95 2.83 2.39
Uso 31 2.32 2.58 2.45
Average 2.44 2.70 2.57
LDS0,05 variety= 0.21 LD Sp 05 yea= 0-09 LD Sp gsinteraction between variety and yga0-29
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Table 2. Biomass yield of industrial hemp variet&11-2012

Varieties Green biomass, t Ha Dry biomass, t ha
2011 2012 Average 2011 2012 Average
Bialobrzeskie 45.80 51.25 48.53 17.15 11.95 14.55
Futura 75 54.56 75.00 64.78 21.22 21.393 21.27
Fedora 17 45.69 57.54 51.61 16.60 18.23 17.42
Santhica 27 47.16 66.43 56.79 19.84 17.39 18.61
Beniko 50.21 48.97 49.59 20.51 19.27 19.89
Ferimon 46.69 52.40 49.55 16.90 18.59 17.75
Epsilon 68 54.13 68.45 61.29 20.26 12.89 16.57
Tygra 44.80 58.83 51.82 18.61 20.87 19.74
Wojko 47.15 59.48 53.32 20.33 19.91 20.12
Uso 31 36.57 51.49 44.03 12.65 17.38 15.01]
Average 47.28 58.98 53.13 18.41 17.78 18.09
LDSy.05 variety 10.24 3.45
LDSg.05 year 4.58 1.54
LDSO.OSinteraction between variety and 14.49 4.88
ear
N“% variery(impact rate) 26.7 (p<0.05) 36.3 (p<0.05)
1°% year(impact rate) 26.2 (p<0.05) 5.9 (p<0.05)
Ll % interaction between year and variet
(impact rate) 7.6 (p>0.05) 16.8 (p>0.05)
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Figure 3. Ash content in hemp of different varigti#
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Figure 4. Carbon content in hemp of different vaeig, %
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In 2011, industrial hemp cultivars produced sigitly
high amount of green biomass (Tab. 2). Cultivanssin
68" and ‘Beniko’ produced significantly (p<0.05)ghier
amount of green biomass (up to 50 thtnan the other cul-
tivars tested. But in 2012, the green biomass vidaimed
higher. In this growing season the significantlygher
amount of green biomass was obtained cultivar ‘feuid’

(75 t ha). The lowest green biomass yield was obtaineéii

cultivar ‘Uso 31’ in 2011.

According to the data of industrial hemp greemisss
and amount of plant moisture content at harvediiingas
about 19-45 % in both trial years), the hemp digyniass
yield was calculated. There was significant differe of
dry biomass yield between different cultivars intbhgears.
The significantly highest amount of dry biomasdd/igp to

20 t ha" was observed from cultivars ‘Futura 75’ (21.22 t

ha'), ‘Beniko’ (20.51 t hd), ‘Wojko’ (20.33 t hd) and
‘Epsilon 68’ (20.26 t hid) but the lowest — cultivar ‘Uso 31’

(12.65 t hd). In 2012, the significantly highest amount of

dry biomass yield was observed from cultivars ‘Fatds’
(21.33 t hd) and ‘Tygra’ (20.87 t hd but the lowest from
cultivar ‘Bialobrzeskie’ (11.95 t h9. Statistical evaluation
showed that the meteorological conditions duringwgng
season as a factor had an influence on the resulistal
green and dry biomass vyield.

The ash content is one of the major qualitativarat-
teristics of biomass. The ash content of all plsikave
must be up to 3%. The ash content should not ssifpa$o
under the conditions of correct stockpile. Nevdebs, the
experience shows that the ash content can reach20/%
[5]. The ash content of hemp cultivars was différand
ranged from 2.58 to 3.77 % (Fig. 3).

Carbon is one of the most important products aftgh
synthesis for biomass production and it is the prinfuel
burning element. It has a high caloric value and Hc-
counts for most of the burnt mass [3]. Accordinghe re-
search results, there were seen that the carbadertom

hemp plantations, and, as experience shows, dubeto
great amortisation costs, at present it has laffect (the
costs of the services of such combine harvestatstitate
200 € /ha).

Generally the seedy part of hemp is harvestedrbg-p
erly adjusted grain combine harvesters. The mostptie
ated process of such harvesting is cutting thisstaith
igh fibre content. The finger-segment cutting naadbm
of the combine harvesters performs this technosdgicoc-
ess satisfactorily by cutting the stalks 80-100 ligh. An
important technological aim of the following work tio in-
crease the cutting height to 130-150 cm. This watilow
increasing the mass of the fibre part remaininghanfield
by 1.5 times which, after the stalk retting, iseimied for
the production of fibre.

Hemp harvesting for fibre production is usually se
August, leaving the following processing — thelstaitting
and gathering (pressing into round or square bal¢i#)the
end of September.

The harvesters of the fibrous stalks have specéic
quirements. On vast areas the rotary harvestenscarguite
suitable for efficient gathering of the stalks imded for fi-
bre production because the fibre winds round tharyo
parts: power shafts and rotating disks. There iiskathat
the bearing units may be damaged. Investigatioos $hat
the most suitable ones are the finger-segment &inge
The best of this group of harvesters are the dupéexest-
ers with a greater cutting speed. In any variam simould
pay attention to the wear degree of the segmentekni
Harvesting of the biomass for energetic purposes
carried out by forage harvesters with shredders.

If the stalks are 3-4 m tall, in order to simpltigrvest-
ing and further processing, it is advisable totbeim in two
levels (reducing the length of the stalks two tijneko
carry out such cutting, there are special harvegteg. 5);
however they have a high price — more than €12664@,

hemp stems varies from 41.62-45.38% in 2011 anch fro such a harvester may pay back only on large sjesial

41.332-43.94% in 2012 and it depend on cultivars.

Proper hemp harvesting in optimum terms raise6(by
80% the cost-efficiency of the production of throm, as
well as the quality of the end product. The ripsngtage of
hemp in Latvia starts in September but the seedinibat
even at the beginning of October. That is why itmpor-
tant to choose for growing the sorts with a maxinshort
vegetation period. In order to ensure normal anffi-su
ciently quick process of the stalk retting, hemputl be
harvested in August. Complete seed ripening takasep
later than the stalk maturity for harvesting. Degiag on
the main production purpose of hemp — for fibrexdse or
both types of production, the harvesting times rehijt a
little.

The most complicated specific harvesting machore f
industrial hemp is a specialised combine harvestetat-
via a combine harvester was used in 2012 with &ingr
width of 4.5 m (the Kemper Champion harvester drel t
Claas cylinder disintegrater). Such a combine hsiereen-
sures reaping, threshing of the seedy part, statting at
the height of 60 cm, and their laying in a ribbénsuch
combine harvesters were used in Europe in 201 2ontinf
nately, the use of expensive machinery for harmgstn-

hemp growing farms (40-60 ha).
The hemp stalk retting process at the mean aipe¢em

tures 8-12lasts 3-5 weeks. As after cutting the hemp stalks

have no strict orientation, the flax ribbon spreadever-
turners or fluffers cannot be used for further ioy@ment
of their retting conditions. The only practical arelisable
way how to improve the conditions of the rettingpqess
(production of uniformly retted mass of the hergdkst in a
vertical section) is tedding. The most suitable Iniaes for
tedding and swathing the hemp fibre are rotary useb
rakes with the tines not less than 45 cm long.

The hemp fibre is picked up from the field by meaf
round and square bale presses at the 16% moiStueede-
sign of the baling machine must not include roelgments
which transfer the mass from the pick up mecharitsthe
baling chamber. Therefore the forage balers witieddhers
are not suitable for this work. An optimal designai ma-
chine with the harvesting fingers (for instance562). As
the stalks are exposed to bending during the bagingess
by means of the round bale presses, giving a aytiad
form to the bale, certain losses of shove (5-10figeaun-
der the impact of the baling mechanism [7].

After baling, the round or square bales are loduetheans
of frontal loaders into trucks or tractor traildia 2 or 3

dustrial hemp, as well as specialised hemp hamgestelayers), the load is fixed and transported to tae process-

(Fig. 5) (worth €300000) require high concentratafrthe
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Figure 5. Specialised hemp harvester

4, Conclusions

The trial carried out in 2011-2012 enables thdtug:
trial hemp cultivars tested ‘Bialobrzeskie’, ‘Fuauis’,
‘Fedora 17’, ‘Santhica 27’, ‘Beniko’, ‘Ferimon’, {isilon
68’, ‘Tygra’, ‘Wojko’ and ‘Uso 31’ could be succdaly

grown in Latvia for biomass production. But thehagt [2]

biomass yield, during both trial years, was obtdifrem

cultivar ‘Futura 75’. According to the data we ceon-  [3]

clude that the growing season and the selectedsindu

hemp variety had a significant (p<0.05) effect amip  [4]

yield.
According to the results, the ash content wasifsign
cantly (p<0.05) affected by different meteorologjican-

ditions during the growing season, but not affected5]

(p>0.05) by the selected cultivar.
According to the research results, there were Hean
the carbon content in hemp stems varies from 41.62-

45.38% in 2011 and from 41.332-43.94% in 2012 and i6]

depend on cultivars.
Proper hemp harvesting in optimum terms raises by
60-80% the cost-efficiency of the production ofthrop,

as well as the quality of the end product. [7]
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