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III.

Background

This deliverable “D2.2 Catalogue for bioenergy crops and their suitability in the categories of
MagLs” is mainly based on the task as described in the Grant Agreement Annex I of the
Horizon 2020 project SEEMLA (GA no. 691874).
Task T2.2 Features of bioenergy plants for growing on marginal land (Lead: IBC&SB, M3-9)
In addition to task 2.1, this task is aimed at investigating further biological characteristics and
creates a database (catalogue) of bioenergy plants suitable for growing on each category of
MagL. The overview of known bioenergy plants and studying possibility of their growing on
the acidic and saline land, on the lands of insufficient and excessive moisture and other
types of MagL will be developed. This task will also cover the quality and quantity of biomass
that could be obtained from various bioenergy plants on MagL. A concise selection of
bioenergy plants and categories of MagL for cultivation will be carried out in accordance with
Directive 28/2009/EU.
The results will be collected in a database (catalogue), which will determine the feasibility of
growing a certain bioenergy plant in a particular category of MagL. The potential recipients of
the results could be companies interested in growing bioenergy crops on MagL or regions
wanting to develop their unused lands.
The task is led by IBC & SB who will prepare the description of the biological features of
bioenergy crops (catalogue). All project partners, especially FNR, BTU CS, DUTH, DAMT,
IBC&SB and SALIX are asked to contribute to the catalogue and support its scientific
consistency.
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1. Relevance of renewable energy in the EU and Ukraine
In the world, more and more attention is drawn to finding the ways of using
renewable energy accumulated by plants through photosynthesis. A proof to this is
the fact that 175 countries (including Ukraine) signed a New Climate Agreement in
New York on April 22, 2016, which will replace the current Kyoto Protocol after 2020.
The agreement makes provision for slowing down in average annual temperatures
increase through bringing in the second half of the XXI century greenhouse gas
emissions to a level that can be tolerated by nature without any damage happened to
it. For this purpose, it is expected to attract some 100 billion US dollars every year for
replacing the traditional energy sources with renewable ones, including bioenergy.
Developed industrial countries require large amounts of energy. At the same
time, their availability in each country differs. Ukraine is not a self-sufficient in energy
country and has to cover the deficit of energy by import. According to the State
Statistics Body of Ukraine, in 2014, net imports (the difference between imports and
exports of primary energy resources decreased by 12.8% in Ukraine as compared to
the previous 2013 and provided 26.0% of energy supply in the country. In the
structure of energy imports, the share of natural gas is the largest and makes almost
45% followed by imported coal (30%), crude oil and oil products (24%).
Germany's total primary energy consumption amounted to 13,293 PJ in 2015.
Energy is provided by hard coal (12.9%), lignite (11.8%), mineral oil (33.6%), natural
gas (21.2%), nuclear power (7.5%), renewables (12.5%) and additional sources
(1.7%). 9,334 PJ (equal to ~ 70%) of the total consumption were imported by 2015.
The share of 12.5% of the renewables on the total energy consumption (equal to
1,668 PJ) is to 56% provided by bioenergy including bio fuels (AGEB, 2016). If power
generation (electrical energy) is considered, the share of renewables amounts to
29,0% of the total electrical energy produced (645.6 TWh) in 2015. However,
significant amounts are provided by wind (12.3%) and photo voltaic (6,0%). The
share of bioenergy on electrical energy production actually (2015) amounts to 6.9%
(DESTATIS, 2016)
In 2015 production of energy sources in Italy has decreased overall by 4.2% over
last year, from 44.579 to 42.722 million toe. A breakdown by source data relating to the
production of fossil fuels underlined that there was a general decrease in the different
sectors: solid fuels ( -15.3%), natural gas ( -5.3 %), oil ( -5.1%) and renewable ( 3.7%). Net imports of energy increased by 6.4 % settling on the level of 129.069 Mtoe
compared to 121.281 Mtoe of the previous year. This change is due to the increase in
net imports of natural gas (9.8%), oil (6.6%), electricity (6.04%) while decreasing coal (
-2.17 %). As for renewable sources, net imports are decreased ( -15.9 %). The share
of net imports compared to domestic energy demand increases from 73,07% in 2014
to 75.35% in 2015 (Italian Ministry of Economic Development 2015)
Greece imports primary energy to cover approximately 66.2% of its needs, based
on data from 2014 (European Commission, 2016). According to EUROSTAT data
(2016), during the period 2004 – 2014, the net imports of primary energy decreased
by 30%. The imported products in 2014 mainly consisted of crude oil & other
hydrocarbons (90%). The remaining 10% includes imported natural gas (9%), solid
fuels (0.7%) and renewable energy (0.3%).
Thus, the energy policy of the European countries is largely dependent on energy
feedstock import, which price constantly grows, and this trend will only increase with
every year to come, for the production of fossil fuels having been reduced and in the
6

short term, these energy reserves will be exhausted. Therefore, the development of
renewable energy sources (RES) should be considered as an important factor of
increasing energy security and reducing anthropogenic energy engineering impact on
the environment.
The European Council made a firm independent commitment for the EU to
achieve at least a 20 % reduction in greenhouse gas emissions by 2020 compared to
1990. It also stressed the need to increase energy efficiency in the EU so as to
achieve the objective of saving 20 % of the EU’s energy consumption compared to
projections for 2020, and endorsed a binding target of a 20 % share of renewable
energies in overall EU energy consumption by 2020 as well as a 10 % binding
minimum target to be achieved by all Member States for the share of biofuels in
overall EU transport petrol and diesel consumption by 2020 (Directive 2008/C 82/01).
Today, thirteen EU countries have already exceeded the target of 20 %
renewable energy in the overall energy balance (Fig. 1), and nine countries have
already achieved their targets for 2020 (Eurostat 2016).
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Figure 1. Share of energy from renewable sources in the EU and Ukraine (Eurostat 2016)

Italy is one of the countries having reached their objectives with the share of
renewable energy in the overall energy balance of 17.1 % (the binding target of 17
%). Germany produces 13.8 % of its energy from renewable sources and Greece
15.3%. The worst situation is in Ukraine where only 2.6 % of energy is produced from
renewable sources (Fig. 2). However, in the last year a sharp increase in biofuels
production and consumption are observed. To illustrate, in 2012, 1565,000 t of
biofuels (oil equivalent) was produced and in 2014, 2399,000 t (State Statistic
Service of Ukraine (2015).
Therefore, the development of bioenergy is an important priority of European
countries that will allow reaching the targets of 20-20-20 and the Paris Climatic
Agreement on a reduction emission and an increase in renewable energy share in
the overall energy balance.
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Figure 2. Dynamics of share of energy from renewable sources in the SEEMLA’s countries (Eurostat
2016)

2. Marginal lands
Marginal lands according to Kang et al. (2013) are the poorest lands, with
physical inaccessibility, climate restrictions, high environmental risks, a fragile
ecosystem that cause low productivity of the soil, making it unprofitable with use on
the edge of margin of rent land payment. Nalepa (2011) finds marginal land as
something on the outside; on the border or edge and can be framed outside the
current commercial and capitalist agricultural paradigm.
The majority of the scientific community identifies land as marginal linking them
with a selective land use, and then may or may not relate them to soil quality and
physical characteristics. Among land categories defined as marginal are mostly noted
degraded, abandoned, reclaimed, natural wastelands. Though, some scientists like
Shortall (2013) identified wider list of marginal land including to the family idle,
unused, suitable, free, spare, abandoned, under-used, set aside, degraded, fallow,
additional, appropriate, under-utilised land.
Thus, marginal lands are intermediate between unproductive lands, on which can
not grow plants and productive lands, on which grow traditional crops cost-effectively.
This niche can be occupied by perennials or trees for bioenergy (Fig. 3).

Figure 3. Marginal land for bioenergy crops.

According to Fisher et. al (2010), arable land in Europe (including Ukraine)
comprised of 164 million hectares of cultivated land and 76 million hectares of
permanent pasture. By 2030, some 44-53 million hectares of cultivated land could be
used for bioenergy feedstock production. The energy oriented scenario includes an
extra 19 million hectares pasture land for feedstock for second-generation biofuel
production chains. Available land is foremost to be found in Eastern Europe, where
substantial cultivated areas can be freed up through sustainable gains in yield in the
food and feed sector.
Ukraine. The whole area of arable lands in Ukraine equals 32.5 million hectares
(under arable 70-80%). Potentially, the area of marginal lands in Ukraine is over 9.7
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m. ha, among them the portion of medium and highly eroded land amounts to 4.5
million hectares, medium and highly acid to 4.4 million hectares, salinity soils to 0.5,
low productive sandy soils to 0.3 million hectares. Besides, there is 3.1 million
hectares of highly contaminated soils (Pankiv 2008).
Regional distribution of marginal lands in Ukraine is the following:
1) Forest soil-climatic zone (north part) presented with poor fertility sod-podzolic
soils, sandy or sandy-loam texture, low nutrition and organic matter potential, with
high percentage wetland, reclaimed and acidic land. Average norm precipitation is
550-650 mm/year. The area is best suited for growing willow, poplar, and partly
miscanthus;
2) Forest-Steppe soil-climatic zone (central part) the richest area with very fertile
black soil, light-medium loam texture, high nutrition and organic matter potential. The
area is affected by erosion; in turn of bottom lands – by light salinization and over
wetting. Average norm precipitation is 450-550 mm/year. The area is best suited for
growing miscanthus, switchgrass, and willow on bottom lands;
3) Steppe soil-climatic (dry-steppe) zone (south part) with medium fertility black
and brown soils, heavy loam or clay texture, high nutrition and organic matter
potential. The fertility of these soils is limited by salinization, erosion and low level
precipitation. Average norm precipitation is 300-450 mm/year. The area is best suited
for growing miscanthus and black locust (Pankiv 2008).
Greece. It is a mountainous country where the arable land covers less than 30%
of its total land of 132 000 km2. According to Papanastasis (2007), the ratio of
abandoned old fields differs significantly among different prefectures, but almost
everywhere these old fields used to be of low productivity with soil depths of more
than 30 cm and were predominantly used as graze lands. The greatest reduction in
arable lands is occurring in the mountainous zone, above 800 m, where it is assumed
that 27% of the agricultural land has been abandoned between 1961 and 2000.
According to a comparative analysis of land data for the years 1961 and 1991, the
most abrupt reduction in agricultural land happened in the mountainous communities
where 56 750 ha of arable land have been abandoned. In contrast, in the lowland
communities the agricultural land expanded by 98 980 ha, but this expansion has been
accompanied by a double loss of pasture lands (ELSTAT 1961, 1991).
In addition, the most recent land classification data that have been published by
the Greek Statistical Authority and follow CORINE nomenclature for the year 1999
show that from a total of 131 982 km2 only 26 752 km2 (20.27%) could fall under the
specific conditions in the category of marginal lands that are available and suitable
for biomass production. From the above possibly available area, 270 km2 are former
mine fields and waste dumps and 4 420 km2 are pastures consisted of open spaces
with little or no vegetation. The sum of these two numbers, 469 000 ha, is assumed
to set a first gross approximation to the available marginal lands for biomass
production in Greece (ELSTAT 1998).
The perspective of establishing fast growing plantations in these marginal lands
seem to be a very promising solution, which in experimental scale and with selected
species gave a production of 10 t/ha per a year for Platanus and 16.5 t/ha per a year
for Poplar (Aravanopoulos 2010).
Germany. About 6.8% of the total arable land in Germany (118 690 km 2) is
considered to have very low yield potentials. This area amounts to approximately 8
000 km2 and can be interpreted as marginal. A part of the arable land (in total 118
9

690 km2) in certain regions e.g. in Brandenburg can be considered as economically
marginal. At least 30% of the agricultural land (total ~ 13 000 km 2) of the state of
Brandenburg which amounts to approximately 4 000 km 2 exhibit relatively poor soil
qualities and yields respectively and can thus be considered as marginal
(Statistisches Bundesamt 2014, 2016).
A potential of marginal land for biomass production in terms of the SEEMLA
definition provided above is presumably contained particularly in categories
operational sites and not used/ cultivated.
The list of bioenergy crops suitable to grow on marginal land is presented in
Table 1.
Table 1 Suitability bioenergy crops for growing conditions on MagL

Categories
of MagL
Low-fertile

Stony

Acid

Saline

Eroded

Over-wet

Hydrometrical coefficient
> 1,5

1,5-1,0

0,9-0,5

<0,5

Black locust, Scots
pine, Basket willow, Black locust, Black
Black locust, Scots
Poplar, Tree of
pine, Poplar,
pine, Basket willow,
Black locust, Black
heaven, Miscanthus, Eucalyptus, Tree of
Poplar, Miscanthus,
pine, Eucalyptus,
Switchgrass,
heaven, Miscanthus,
Switchgrass, Columbus
Tree of heaven,
Columbus grass,
Switchgrass, Sida,
grass, Reed canary
Giant reed,
Reed canary grass, Jerusalem artichoke,
grass, Sida, Jerusalem
Common reed,
Sida, Jerusalem Cup plant, Giant reed,
artichoke, Cup plant,
Cardoon
artichoke, Cup plant,
Common reed,
Giant knotweed
Giant knotweed, Giant
Cardoon
reed, Common reed
Black locust, Black Black locust, Black
Black locust, Scots
Black locust, Scots pine
pine, Eucalyptus,
pine, Eucalyptus,
pine, Tree of heaven,
Tree of heaven,
Tree of heaven
Black locust, Scots
Black locust, Scots
pine, Basket willow,
pine, Basket willow,
Tree of heaven,
Black locust, Black
Switchgrass, Columbus
Switchgrass,
pine, Eucalyptus, Black locust, Black
grass, Reed canary
Columbus grass,
Tree of heaven,
pine, Eucalyptus?
grass, Sida, Jerusalem Reed canary grass,
Switchgrass, Sida,
Tree of heaven
artichoke, Giant
Sida, Jerusalem
Jerusalem artichoke
knotweed
artichoke, Giant
knotweed
Black locust, Poplar, Black locust, Poplar,
Black locust, Poplar,
Columbus grass,
Sida, Jerusalem
Black locust, Giant
Columbus grass, Sida,
Sida, Jerusalem
artichoke, Giant reed,
reed, Cardoon
Jerusalem artichoke artichoke, Giant reed,
Common reed,
Common reed
Cardoon
Black locust, Scots
Black locust, Scots
Black locust, Black Black locust, Black
pine, Tree of heaven,
pine, Miscanthus,
pine, Eucalyptus,
pine, Eucalyptus,
Miscanthus,
Switchgrass
Tree of heaven
Tree of heaven,
Switchgrass
Basket willow,
Basket willow, Reed Basket willow, Reed
Basket willow, Reed
Reed canary
canary grass, Giant canary grass, Giant
canary grass
grass, Giant reed,
reed, Common reed reed, Common reed
Common reed
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3. Energy plants and their energy productivity
In the process of photosynthesis, leaf area of plants under sunlight absorbs
carbon dioxide from the atmosphere and synthesize energy valuable organic
compounds (carbohydrates or oils), which are then used as a source of energy. The
use of solar energy accumulated by plants occurs in a closed cycle (Fig. 4). As a
result of biomass combustion of carbon dioxide, water and ash produced, are further
used for the synthesis of new biomass harvest.

Figure 4. The almost closed cycle of energy production from biomass (Bassam 2010)

Biomass-rich in carbohydrates (glucose, starches, inulin, cellulose) serves as a
raw material for the production of bioethanol, which is used mainly in fuel mixtures for
internal combustion engines. Biomass-rich in carbohydrates can also be used to
produce biogas. Energy crops include mostly annual plants such as sugar beet,
sorghum, maize, triticale etc. These plants are usually grown in crop rotations on
productive land and therefore cannot be involved in cultivation on marginal land.
Vegetable oils are used to produce biodiesel, which is used instead of traditional
diesel fuel. The oilseed plants include canola, sunflower, soybean, flax, olive, etc.
Mostly they are annual plants, growing in crop rotations on cultivated lands.
Biomass of perennials plants and trees is composed of cellulose, hemicellulose
and lignin, which are directly used to produce solid biofuels. Thanks to the welldeveloped root system of trees and perennial plants, they are better adapted to poor
soils and do not require careful maintenance. Therefore, they can be grown on
marginal lands. Biopower plant having C4-type photosynthesis system are well
adapted to a lack of moisture and high temperature and can be grown in arid regions
of Europe (Sage and Monson 1999).
The main combustible solid biofuel components of plant origin, which determine
its calorific value, are cellulose, hemicelluloses, and lignin. The content of these
elements in the dry biomass can range from 85% (straw and other crop residues and
wastes) to 99% (wood, stems of miscanthus).
Cellulose is a natural polymer polysaccharide with long chain molecule
(C6H10O5)n. Cellulose is a very stable substance of white colour, which is insoluble in
water and other organic solvents, does not decompose when heated to 200 °C.
Meanwhile, it is a combustible substance that decomposes at the temperature of +
275 °C. The share of cellulose in dry matter of wood biomass ranges from 40 to 45%
(Sjostrom 1993). Thin fibers of cellulose (microfibrils) serve as a skeleton for cell
walls in plants. The space between microfibrils is filled with hemicellulose, lignin, and
water.
Hemicellulose is attributed to the high molecular compounds and takes
intermediate place between starch and cellulose, but unlike the latter, is more
soluble. In plants, hemicellulose serves as a skeleton structural material and supply
11

of nutrients. The share of hemicellulose in the dry matter of woody biomass reaches
30% (Sjostrom 1993).
Lignin is an organic matter, which along with cellulose is part of the stiff tissues of
higher plants and together with hemicellulose determines the strength of their trunks
and stems. The content of lignin in biomass of trees and stems of perennials ranges
from 22 to 31% (Sjostrom 1993, Li Jingjing 2011). Lignin is rich in carbon and
hydrogen, and therefore has a high calorific value and is a key component in the
process of biomass granulation. About 40% of the calorific value of solid biofuels is
ensured by lignin.
In addition to the above components, solid biofuel also includes ash and water,
which adversely affects the calorific value.
Ash is an incombustible residue of the mineral part of biomass resulted from
complete combustion of biomass. According to EU standards, the proportion of ash in
solid biofuels (pellets) of the premium class should not exceed 1% and in industrial
pellets 4% (EN ISO 17225-1:2014). The high ash content and low melting
temperature can adversely affect the reliability of a boiler.
Humidity makes the most significant negative impact on the calorific value of
solid biofuels. Water increases the amount of combustion gases, worsens
inflammation, slows down biomass combustion and absorbs a lot of heat. To heat up
and evaporate 1 kg of water requires 2.6 MJ of energy. Therefore, to increase the
heat transfer, a solid biofuel must have low humidity. The EU standards prescribe
utilization of fuel pellets of up to 10% humidity content (EN ISO 17225-1:2014). To
reduce costs of drying raw biomass, it must be harvested at minimum moisture
content, i.e. in late autumn – early spring.
4. The advantages of growing bioenergy plants
The main advantages of biomass as an energy source include environmentally
clean emissions as compared to fossil fuels and absence of negative impact on the
carbon dioxide balance in the atmosphere. During combustion of biofuels, less
carbon dioxide is emitted than is absorbed by plants during photosynthesis. Besides,
20 to 30 times less sulphur oxide and 3 to 4 times less ash is formed as compared
with coal. Organic by-products resulted from production of liquid and gaseous
biofuels as well as those from solid biofuels combustion can be utilised as fertilizer.
Growing of bioenergy crops along with production and utilization of biofuels creates
additional workplaces, in particular, in rural areas where a shortage of jobs is an
acute problem.
Given the agricultural orientation of the economy and favourable soil and climatic
conditions for growing plants, the most promising renewable energy segment in
Ukraine is bioenergy. In the structure of RES in Ukraine, biofuels make 73.5%.
In 2014, in the structure of RES in Italy, bioenergy make a share of 48% of total
renewable energy consumptions and the 15% in the electricity sector. Solid biomass
also represents around 68% of the final consumption of energy from RES in the
thermal sector (Statistical report 2014).
In Greece, the agricultural sector accounts for more than 5% of the gross
domestic product, three times more than the EU average of 1.8%. Moreover,
afforested agricultural lands and reforested areas cover thousands of hectares,
providing great potential for growing bioenergy plants. In 2014, renewable energy
accounted for 26.5% of the total primary energy production in Greece (EEA, 2016),
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with biomass and waste representing 47% of it (EUROSTAT, 2016). The primary
production of wood & other solid biomass for renewable energy has increased
between 1990 and 2005 by 7% according to EUROSTAT data (2014), reaching
891.51ktoe in 2008 (Ministry of Environment Energy and Climate Change, 2010). The
production of biofuels in 2014, consisting exclusively of biodiesel, was 142 ktoe (EU
Commision, 2016).
Currently in the EU and Ukraine, as feedstock for the production of solid biofuels
mainly serve waste products of wood industry (such as sawdust and chips), the straw
of grains and legumes, sunflower husk, etc. The inflow of such raw materials is
unstable and seasonal, which affects the efficiency of enterprises producing solid
biofuels.
Recently, the media started to propagate the idea that the most available and
cheap feedstock for the production of solid biofuels in Ukraine is straw of grains. This
led to an increase in this type of material in the share of biofuels. However, the
research found that a significant amount of macro- and micronutrients are taken out
of the soil along with the straw adversely affecting soil fertility (Table 2). In order to
make up for the nutrients removed from the soil by one ton of straw, it is necessary to
introduce more than 40 kg of active ingredient of fertilizers per hectare. Besides, high
ash content in straw leads to a low calorific value of such biofuel and adversely
affects the performance of the heat-generating equipment.
Table 2: Removal of nutrients from soil along with winter wheat straw (yield of 4 t/ha)

Removal (kg of active substance per
hectare)
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10.8
72
42
20.4
1
168.2

Nutrient
N
P2O5
К2О
СаО
MgO
Si, Mn, B, Cu, Zn, S, etc.
Total

Growing of new species of high-energy trees and perennials is a solution to the
problem of provision with feedstock. It will enable annual obtaining the required
amount of high-quality biomass. The biomass of these plants does not contain a lot of
mineral elements (1 to 2%) at the time of harvest. That is why their growing is more
environmentally sustainable. In addition, the calorific value of such biomass exceeds
that of straw.
Soil and climatic conditions in the most European regions are favourable for
growing perennial energy crops of the C3 and C4 group, which can rapidly transform
solar energy into high-energy-capacity biomass. These plants are not demanding to
soil fertility, do not require the introduction of significant amounts of fertilizers and
pesticides; they prevent soil erosion, contribute to the preservation and improvement
of agricultural ecosystems and provide low-cost high-quality biomass. Thus, energy
plants can be cultivated on low-productive (marginal) lands.
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5. Compliance with the requirements of sustainable development
Sustainable development is a such a development, which meets the needs of the
present without compromising the ability of future generations to meet their own
needs (Brundtland Commission 1987). Sustainable development has three
components: economic development, social development, and protection of
environment (Fig. 5).
Sustainable growing of energy crops is an integral part of the sustainable
development of society. The European Commission pays much attention to this issue
with a focus on sustainable production of plant feedstock for the production of
biofuels. EU policy is aimed at gradual strengthening of the requirements to
implementation of sustainability criteria.

Figure 5. Three pillars of sustainability – economic, social, and environmental (Adams 2006)

Currently, the scope of sustainability for liquid biofuels and bioliquids at the EU
level is provided by Directive on the promotion of renewable sources 2009/28/EC and
Directive on the quality of transport fuels 2009/30/EC. Regarding feedstock for the
production of solid biofuels, the basic principles of sustainability and deminishing the
negative impact on the environment is reflected in The Common Agricultural Policy
(2012). At present, the issue of mandatory implementation of pan-European
sustainability criteria for solid biofuels is under consideration (Geletukha 2016).
In September 2015, the European Commission announced that by early 2017 it
will release a new directive on renewable energy sources, which includes targets for
all EU member states for the period from 2020 to 2030. The aim is (i) to reduce
greenhouse gas emissions in the EU by 40% compared to 2005, (ii) to reach at least
27% share of renewable energy sources in the EU energy balance by 2030, and (iii)
to introduce the policy of sustainability for bioenergy production (Biomass for
electricity and heating 2015).
When drawing up a list of bioenergy crops suitable for cultivation on marginal
lands in Europe, it is necessary to consider sustainability requirements stipulated by
the Directive 2009/28/EC as well as specifics of marginal lands, which by definition
shall not be suitable for growing food crops.
The directive provides: restriction on the land use and support to soil quality,
social sustainability of biofuels and reduction of greenhouse gas emissions.
Restrictions on land use
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Raw materials for biofuel production must not be grown on land of high
biodiversity value and organic matter content, as well as on peatlands, and lands that
have currently or had in the past one of the following statuses:
• primary forest or another wooded area, namely forest or wooded area with
biological species without apparent human intervention and undisturbed ecological
processes;
• territory defined by law as protected or conservation area in accordance with
international agreements, unless evidence is provided that the cultivation of raw
materials does not contradict the stated goals of environmental protection and
ecosystems;
• grassland with high biodiversity (natural or unnatural);
• wetland, namely a territory covered or saturated by water permanently or for a
significant part of the year;
• continuously forested area, namely territory with the area of more than one
hectare with trees higher than five meters and a canopy covering more than 30% or
trees that are able to reach these characteristics on their sites;
• area of more than one hectare with trees higher than five meters with a canopy
covering from 10% to 30% or trees that can reach these characteristics on their sites,
unless evidence is provided that the carbon stocks before and after the change of
land use meets the requirements on the reduction of greenhouse gas emissions;
• peatland existed as of January 2008, unless evidence is provided that the
cultivation and harvesting of feedstock do not drain previously dried soil.
Measures that support soil quality:
• minimizing erosion;
• stability of organic matter in the soil;
• optimal use of by-products;
Social sustainability of biofuels
• lack of competition with food crops;
• no negative impact on working conditions, land rights, and biosafety;
• improving the social structure of the area, etc.
Reduction of greenhouse emission
The Directive 2009/28/EC provides the requirement to reduce greenhouse gas
emissions when using biofuels. In particular, starting from 2017, we must use only
those biofuels, which will reduce greenhouse gas emissions by 50% as compared to
conventional fuels, and from 2018 this rate increases to 60%. Given this, preference
will be given to the second generation biofuels, feedstock for the production of which
is waste-products of agriculture, forestry, and domestic waste. Additionally, second
generation biofuels may be produced from specifically grown biomass of woody and
perennial crops, which are not suitable for food and feed application due to the high
content of cellulose, hemicellulose, and lignin, but are perfect as feedstock for the
production of biofuels.
6 Energy trees: features of cultivation
The advantages of wood biomass include lower ash content and higher calorific
value as compared to perennial energy plants. This is due to high content of
combustible substances in the wood, in particular, lignin.
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A disadvantage of wood biomass is that tree plantations cannot be harvested
annually (usually once in 2-7 years). This should be taken into consideration when
planning to establish a plantation. In order to obtain the required annual amount of
biomass from tree plantations, they last have to be established in subsequent years.
Another disadvantage is the need for special machinery for planting, tending of
plantations and harvesting of woody biomass.
The technology of cultivation is similar for most trees. The most important
measures to create energy trees plantation are the following: pre-treatment of the
field (this involves careful basic soil tillage, seedbed preparation, selection of species
and varieties of trees suitable for a specific region), timely and quality planting of
cuttings (rhizomes, seedling), regular tending of plantation, including fertilization and
protection against pests and diseases. The next step is the collection of biomass,
fractionation, transportation, and utilization.
6.1. Рre-treatment of the field
If a plantation of energy trees to be established is located
contaminated land, soil reclamation activities shall be carried out
soil layer. If the land purposed for plantation is not used for
necessary to clean it from weeds and shrubs of young trees.
mulcher PKP-1,5M can be used (Fig. 6.

on technologically
in order to restore
a long time, it is
For this purpose,

Figure 6. Plant residues mulcher PKP-1,5M for cutting shrubs (PJSC Spetslismash, Lubny, Ukraine)

6.2. Primary tillage
The main objectives of the primary tillage are to regulate physical, chemical and
biological processes occurring in soil, physical state and structure of topsoil, water
and air regime and nutrients supply.
The set of primary tillage includes:
- Breaking of stubble using disk tiller;
- Application of non-selective herbicide;
- Deep ploughing carried out after application of herbicides;
- Cultivation, disking or harrowing after weed emergence and after rainfall
throughout the autumn (September to October).
On the slope areas exposed to wind and water erosion, the main requirements
for primary tillage are the preservation of plant residues (subsurface tillage) or clumpy
field surface. This ploughing (contour) should be carried out across the slope
6.3. Seedbed preparation
Seedbed preparation being a part of the agronomic package for energy trees
should be carried out ahead of planting trees by 2-4 passes of the planter. Seedbed
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preparation is aimed at maximum preservation of the soil moisture, warming soil,
creating optimal conditions for establishment and development of trees, providing fine
lumpy topsoil. It is advisable to use unit that provides quality loosening of the soil
(without stirring) to a given planting depth.
6.4. Planting of cuttings
For planting the cuttings of energy trees on large plantations using special
planters, such as 4-row automatic energy willow planter EGEDAL (Fig. 7a). This
machine cuts the wood shoots into cuttings and bury them into the soil, providing
high performance (2.5 ha/h). This machine is used by Salex-Energy for establishing
their willow and poplar. When establishing small size plantations and nursery
gardens, more simple in the design and less productive 2-row planters should be
used (Fig. 7b).

b)

a)

Figure 7. Planters for planting cuttings of trees
a) The automatic energy willow planter EGEDAL (Abrahamson et al., 2010)
b) 2-row planter (Abrahamson et al. 2002)

On small experimental plots and to replace cuttings that have not been
established, planting is carried out manually using Koliesov’s sword or planting pin
(Fig. 8).

Figure 8. Koliesov’s sword a for manual planting of cuttings (Roik et al. 2015)
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6.5. Tending of plantations
In the first year of growing energy trees, a special attention shall be paid to
controlling weeds, since at the beginning of vegetation planted trees actively form
their root system and develop aboveground part slowly. Soil herbicide shall be used
on plantations. Mechanized works can be carried out only on the fourth day after the
application of herbicides, and hand works on the eighth day after spraying.
Loosening the soil between rows is conducted to improve the water-air regime of
soil, conditions for growth and development of trees in the early growing season.
Skipping loosening increases moisture losses from the topsoil in a period of intense
growth. Row hoeing promotes absorption of rainfall, reduces the density of the soil in
the event of excessive compaction. For cultivation in wide rows, stubble plough may
be used, which provides intensive grinding (mulching) weeds and plant remains.
The need for loosening, their frequency and depth are determined taking into
account the following factors: the state of the trees development, rainfall, soil density
and the presence of weeds.
6.6. Harvesting
Biomass of energy trees can be harvested in two ways:
 direct cut and chip system;
 mow and bale system;
 traditional felling and skidding.
By a direct cut and chip system, shoots of trees are cut off, crushed into small
particles (fuel chips) and loaded into a vehicle moving near the harvesting unit. Fuel
chips are transported to further processing or storage. A self-propelled-harvester
(Fig. 9a) or mounted units (Fig. 9b) can be used for harvesting.
The direct cut and chip system is the most cost effective and has significant
advantages over separate-stage one, especially for the large-scale harvesting of
biomass. Harvesting by method reduces the cost of planning, management and other
fixed costs per unit of production (fuel chips).
The most significant shortcomings of the direct cut and chip system are high
humidity of the wood chips (up to 50%) and the inability of drying it in a natural way.
During long-term storage, chemical and biochemical reactions occur in piles of wood
chips, especially if the chips contain nutrient-rich material, such as leaves. Feedstock
losses can be prevented only if the chips humidity is maintained at 25%. In winter,
humid chips may freeze during transport or storage and its use could lead to failure of
the cargo handling systems. Therefore, the direct cut and chip system requires
additional costs and energy for complete drying in the case of its further processing
for pellets or briquettes, and in the case of direct combustion. The burning of wet
chips is impractical because its calorific value drops significantly.
By the separately-staging method, shoots of trees are cut off and formed into
sheaves for later drying in the field (natural) conditions. This method is typically used
on small plantations. There are machines for harvesting sheaves for further drying
and subsequent crushing of dry shoots using a stationary crusher (Fig. 10).
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a)

b)

Figure 9. Harvesting of energy willow biomass by the straight flow method
(SALIX, Volyn Region, Ukraine): a self-propelled harvester; b) mounted unit

Figure 10. Harvester for binding sheaves of energy willow shoots by the separately-staging method

Mow and bale system can be used by farmers and small agribusiness for
harvesting wood chips purposed for sale. Usually, it is performed using mounted (on
the tractors of class 2-3) mower for transporting cut shoots. Small-scale production of
fuel wood chips is cost effective when the chips are mainly purposed for energy
heating systems with low power capacity (from 0.3 to 1.0 MW).
The traditional felling and skidding process is the most common system of
harvesting whole trees of conifers. After felling, the tree is trimmed and cross-cut with
a chainsaw with the power of 4 kW. Next follows the collecting and hauling of timber
to the forest road with an adapted forestry tractor. (Krajnc et al., 2015). A simplified
illustration of this production chain is illustrated in Figure 11. In case the logs are
used for pellet production, further cross-cutting may be required in the forest road,
before truck loading and transfer to the processing facilities.
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Figure 11. Production chain of timber felling and skidding; (source: Slovenian Forest Institute 2015)

6.7. Transportation of wood chips
To transport the chips from fields for long distances chip trucks are used
equipped with the under-body conveyor or self-damping hopper with side discharge
and volume of cargo space from 90 to 120 m 3. A chip truck of 25 tons allows
transporting 40 tons of chips.
For transportation fuel, wood chips to the large distance necessary to use
removable containers of 30 to 50 m3, with 2-3 containers can be transported in one
go, which increases the total volume of cargo to the 80-100 m3. Economic
competitiveness is greatly reduced when transportation is made for long distances.
For small farms, universal combined machines can be used, which are a
combination of chip crusher and truck. For example, a chip truck with the crushing
unit mounted on it can produce chips directly on the plantation. Truck with crusher
can be used for carrying other cargo containers. The containers can either be
delivered directly to the end-use facility or remain on the plantation for further
transportation (Fig. 12). In this case, there will be no downtime, which is a
characteristic of the production cycle, including production of wood chips and using
intermediate points.
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Figure 12. Transportation and storage of wood chips (SALIX, Volyn Region, Ukraine)

6.8. Warehousing and storage of feedstock
There are four ways to store feedstock – in the form of wood chips, shoots, logs
or pellets under shelter to prevent wetting caused by rain. However, it is sometimes
impossible to keep a large amount of feedstock indoors or under shelters. In this
case, chips can be stored in long piles up to 5 m in height pilled by the telescopic
loader (Fig. 13). The resulting dense upper layer does not let moisture into piles. The
harvested materials in the form of large shoots or logs quickly dried up due to
gapping of shoots and logs, which provides better ventilation of the feedstock. Pellets
are usually stored in 15 kg sacks. The dried feedstock can be either crushed or
burned directly to produce heat or electricity.
As a rule, biomass is warehoused near the trunk road with a hard coating for a
more efficient use of large and heavy machinery. For example, chip trunk exceeds 20
m in length and 2.6 m in width. The full weight of trucks with the cargo makes up
about 60 t. The length of the crusher mounted on the truck is 10 to 12 m, and the
weight is 30 t.
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Figure 13. of the wood chips (SALIX, Volyn Region, Ukraine)

Dry biomass (containing about 30% of moisture), which was stored during the
summer period, should be covered when stored outdoors for protection from rain and
snow in the autumn and winter. Instead, green and wet logging wood residues are
not recommended to cover.
7. Perennial energy plants
Soil and climatic conditions of most European regions are favourable for growing
C3 and C4 perennial energy crops that are capable of rapid transforming solar
energy into energy-intensive biomass. These plants are not demanding for soil
fertility, do not require a significant amount of fertilizers and pesticides, prevent soil
erosion, contribute to the preservation and improvement of agroecosystems and
provide low-cost biomass. Growing of perennial energy crops provides a significant
flow of organic matter into the soil by root system and stubble, which improves soil
fertility (Rinehart 2006, Roik and Hanzhenko 2015). Therefore, perennial energy
plants can be cultivated on unproductive lands of Europe.
C4-plants carry out photosynthesis more efficiently than C3-plants, due to the
fact that their photorespiration is weak and, therefore, they do not spend in vain
already fixed carbon. Among the C4-plants there are many tropical bowls of cereal.
Since photorespiration dramatically speeds up along with increasing temperature,
C4-plants ability to limit it under such conditions, of course, can be considered an
advantage. Due to the ability to be particularly effective at utilization CO 2, C4-plants
can fix it at lower concentrations than C3-plants can. Shown in the Table 3 are the
comparative characteristics of these two groups of plants.
Therefore, growing C4-plants in the South of Europe is more feasible, since they
are able to synthesize energy valuable dry matter even at the high temperature.
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Table 3. Differences between plants with C4 and C3 cycles of the primary photosynthetic
carboxylation (Bidwell 1974, Sage and Monson 1998).

Type of photosynthesis
CO2 concentration, at which
photosynthesis and respiration
are counterbalanced
Photorespiration
Chloroplasts
Leaf strings
Photosynthesis efficiency
Max photosynthesis rate
Productivity
Effect of high temperature
Taxonomic affiliation
Leaf shape size
Leaf orientation
Root habit
Pollination mode
Flowering phenology

C4
0-5 ppm

C3
30-100 ppm

Weak or absent
One or two types
Fibrous bundle cover
developed well, many
chloroplasts
High
High
High
Increase total
absorption of CO2
Monocot
One family
Linear, narrow
Mostly vertical
Fibrous, most shallow,
some very deep roots
Exclusively wind
Late season

Intensive
One type
Fibrous bundle cover
developed not well, few
chloroplasts
Usually lower
Low to high
Low to high
Decrease total
absorption of CO2
Dicot
Numerous families
Much ovate, broader
More horizontal
Taproot, many deeper
roots
Mostly insect
Throughout the season

7.1. General approaches to cultivation
The technology of growing perennial energy crops on marginal land includes
preliminary soil treatment for future plantations through thorough basic soil tillage
(stubble breaking, ploughing, cultivation), seedbed preparation, sowing (planting),
tending crops and harvestings.
Field pre-treatment
As the plantations of perennial energy crops to be established on marginal lands
that have not been used for a long time, it is necessary to clean the plot of weeds
and overgrown trees. To this end, crop residue crushers shown in Fig. 1 can be
exploited. For weed killing to be more effective, mulching of the soil surface can be
combined with the application of non-selective herbicide based on glyphosate.
Primary tillage
The main purpose of primary tillage is to improve the physical condition of the soil
that has not been long used for growing crops, as well to control the number of
weeds in autumn. Resulted from quality tillage, soil water, and air penetrability and
active biological processes improve.
Primary tillage on marginal lands includes:
- stubble breaking;
-application of non-selective herbicide;
- deep ploughing carried out after fertilization (if necessary);
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- cultivation, disking or harrowing after weed emergence and after rainfall
throughout the autumn period (September - October).
Disk stubble breaking shall be carried out immediately after mulching the surface
of the field or after harvesting of the predecessor. As a rule, stubble breaking
provokes germination of a new wave of weeds that will be destroyed by a nonselective herbicide (glyphosate), with the last to be applied 12-14 days after stubble
breaking. The next step will be ploughing to a depth of 26 cm 10-15 days after
application of herbicide. On the slopes, any soil tillage (especially ploughing) shall be
carried out across the slope.
To level field surface, destroy shoots of weeds and create favourable conditions
for the accumulation of moisture in the soil during the autumn-winter period,
continuous cultivation to a depth of 5-7 cm 10-15 days after ploughing has to be
carried out.
Seedbed preparation
The main purpose of the early spring tillage is to preserve soil moisture
accumulated during the autumn-winter period and to control weed infestation. For this
purpose, the soil being physically mature, early spring harrowing to the depth of 5 cm
across or at an angle to the direction of ploughing in one or two tracks performed by
heavy harrows or a unit for moisture shall be carried out.
Immediately before seeding (planting) seedbed preparation shall be carried out.
Its depth will depend on the seeding / planting depth and can range from 1 cm (for
the plants that have small seeds like switchgrass) to 15 cm (for plants that
propagates by rhizomes like miscanthus). Combined cultivators can be exploited for
seedbed preparation.
Seeding
Perennial energy plants that reproduce by seeds shall be sown in rows using
grain-grass drills (Fig. 14). When sowing is performed in such a way, it is easy to
handle rows in the first year of cultivation. The width of the rows has little influence on
the plant productivity as perennial crops completely close between rows after 2-3
year of growing and do not require tending.
Immediately after seeding (especially for small-seeded plants) rolling the soil
surface with smooth rollers shall be done. This improves seed contact with the soil
and provides its best germination.

Figure 14. Seeding of switchgrass with inter-raw space of 45 cm (Research Field of IBC&SB, 2012).
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Planting rhizomes
Some perennial energy plants reproduce vegetatively by rhizomes (such as
miscanthus, sunroot, etc.). In such a case planting is carried out using either
dedicated planters (Fig. 15) or typical planters used for tubers (e.g., sunroot tubers).
Planting is carried out to a depth of 8-10 cm with a distance between rows of 0.71.0 m and the distance between plants in the row of 0.3-1.0 m depending on the crop
and growing conditions.

b)

a)
Figure 15. Planting of miscanthus rhizomes (IBC&SB)
a) 2-row semi-automatic planter (Hanzhenko 2012)
b) 6-row planter (IBC&SB 2014)

On small plots, planting of rhizomes can be done manually on a pre-marked field
surface. At the intersection of marking lines, a hole shall be made with shovels, in
which a rhizome can be planted. ‘Repairing’ of plantations (replanting of new plants
instead of non-established ones) is carried out manually too.
Tending of plantations
A feature of all perennials is slow development of aerial parts resulting in an
inability to control field surface, which becomes overgrown by weeds. Therefore, in
the first year of vegetation, attention should be paid to careful weed control. To
control the number of weeds before the emergence of crops, soil herbicide is applied.
Crops having germinated, mechanical cultivation between the rows and application of
selective herbicides shall be carried out. As sprouts of perennials appear only after
14-20 days after sowing (planting), sometimes sowing is carried out in conjunction
with mark crop, which sprouts much faster, allowing the earlier start of loosening the
rows.
In the second and subsequent years of cultivation, there is no need in
mechanical and chemical tending perennial energy crops, because the plants early
and quickly renew their growth and do not let light down to the surface of the field,
leaving no opportunity for weeds to grow.
Harvesting
Harvesting of perennial plants biomass for solid biofuels starts late autumn when
the moisture and ash content is low. If the biomass is purposed for using for biogas
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production, it should be collected in the period of maximum yield (before throwing
panicles). Some crops grow back quickly after cutting (like miscanthus, silphium, etc.)
allowing two mowings per year.
Biomass of both bioenergy plants and trees can be harvested in two ways: direct
cut and chip system; mow and bale system.
Direct cut and chip system is carried out using conventional forage harvesters
like John Deere 7080 and Claas Jaguar 870 that cut off the stems of plants, crush
them, and direct into a vehicle moving along (Fig. 16). Direct cut and chip system is
used for harvesting biomass for both solid biofuels and biogas.

b)

a)

Figure 16. Direct cut and chip system of miscanthus:
a) John Deere 7080 c (Photo Credit: J.E.Doll, Michigan State University)
b) Claas Jaguar 870 combine harvester (http://consulting-servicepflanzen.de/en/provision-plant-based/)

For mow and bale system, plant stems are cut off and placed in rolls for further
drying directly on the field (Fig. 17). Then the rolls are formed into bales, loaded and
transported for either further processing to solid biofuels or direct use for obtaining
energy. The mow and bale system is used only for dry biomass purposed for solid
biofuels.

b

a
Figure 17. Mow and bale system of harvesting miscanthus:
a) Claas Jaguar 870 harvester (Copyright Richard Crowhurst)
b) Baling of miscanthus (Photo by Steve Long)
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Transportation and storage of biomass
Transportation and storage of chips, obtained during harvesting of dry biomass is
similar to the transportation of wood chips described in Section 1.1.
Green biomass obtained during harvesting of energy crops for biogas is
transported and laid in silo pits or towers for storage and further processing. For the
purpose of feedstock transportation, self-loading bale trailers can be used as shown
in Fig. 18a. In the case of long distance transportation trucks are used (Fig. 18b).

b

a
Figure 18. Transportation of energy crops bales:
a) by bale trailer Humus 12BC (http://www.humus.ee)
b) by truck (Bailey 2016)

It is recommended to store the collected biomass (in the form of chips or bales)
close to the place of further processing. Chips are stored in piles under a shed or
covered with polyethylene film. To maximize the drying and prevent rotting of the
chips, periodical stirring is necessary. Given the low density of chips (about 117
kg/m3), it is necessary to protect the piles of scattering by wind.
In the case of baling biomass, a special care should be taken to ensure safe
storage of bales. The bales should be placed one on another forming stack. The
stacks should be placed across the direction of the prevailing wind. Safe distance
should be observed from a stack to power lines (at least 15 m), road (20 m), and from
buildings (50 m). The distance between the stacks placed in pairs must be at least 6
m and between the pairs at least 30 m. Fire precaution breaks harrowed between two
pairs must be at least 4 m wide and located at the distance of 5 m from the stack.
7.2. Technology of biomass processing
The resulting biomass (wood chips) after cleaning can be used directly to
generate heat or processed into briquettes or pellets. One ton of dry miscanthus
equals to 420 kg of diesel fuel (Fig. 19).
Chips of bioenergy plants can be used as a fuel for the majority of solid fuel
boilers equipped with an automatic fuel supply to the combustion chamber. However,
in the case of transportation for a long distance, the use of chips becomes ineffective
because of its low bulk weight (117 kg / m3). For fuel pellets, the figure is 650 kg/m 3,
i.e. 1 ton of chips takes 5.5 times more volume as compared to pellets.
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Figure 19. The energy equivalent of miscanthus pellets (Hanzhenko 2015).

7.2.1. Production of fuel pellets
The technology of fuel pellet and briquette production is based on the process of
pressing crushed biomass. The process of pellet production includes four stages:
1) Shredding biomass
2) Drying (moisturizing) biomass
3) Granulation
4) Cooling and packaging
Crushing. For reliable operation of pellet press, raw material (chips) must be
previously crushed to a state of flour. The fraction of biomass at the entrance to the
granulator should not exceed 4 mm. This fraction can be obtained using hammer mill
or chipping machine.
Drying /wetting. The biomass before pressing according to convenient technology
should have a moisture content of 10 ± 2%. Raw materials of more or less humidity
require additional drying or moistening. Drying of miscanthus biomass can be
performed using two types of dryers, belt and drum ones (Fig. 20). Belt type is
superior in terms of quality, reliability, and safety of biomass drying, although the cost
is higher too. As the drying agent furnace gas, hot air and steam can be used. The
most widespread fuel for dryers is natural gas, waste of agricultural production
(straw, husk) and wood processing (sawdust, chips).

a

b

Figure 20. Dryers for miscanthus biomass:
a) belt type; b) drum type
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Raw materials with the moisture content less than 8% cannot be granulated
properly and require additional humidification with water or water vapour in the screw
mixer. Vapour is used to reduce the hardness and increase the plasticity of the
material.
Granulation. On having been conditioned to the required moisture content and
milled raw material enters the granulator where it is pressed into pellets. Under the
influence of friction and adiabatic processes occurring during the sharp pressing of
biomass, the temperature in the press working area reaches 100 °C, and the lignin
contained in the structure of the biomass particles gets soft and sticks together in
tight cylinders.
Granulation is carried out mainly on special presses mostly with the cylindrical
matrix, on the working surface of which there are several rows of holes (Fig. 21).
Rotary rollers 2 roll over the surface of the matrix forming contact bearing stress of
biomass. Thus, biomass is squeezed through the holes in the matrix with resulted
granules cut by special knives. Today there are dozens of manufacturers of presses
worldwide (CPM, Andritz, Salmatec, Amandus Kahl, Buhler, Munch and many
others). Specific electricity consumption during granulation varies between 30 and 50
kWh per 1 ton (Bunetskiy 2011).

Figure 21. Press with cylindrical matrix (Hanzhenko 2015)

Cooling and packaging. During the granulation, strong heating of pellets occurs,
which significantly reduces their hardness. To cool and get rid of excessive moisture,
pellets coming out from the press are headed to the conveyor belt, which supplies
them in cooling column through the floodgate. The flow of air created by a fan of the
cyclone passes through the layer of granules and cools them. In addition, the air flow
separates dust and the fine fraction that are derived through the cyclone. While
cooling, humidity of granules decreases and pellets acquire necessary hardness,
humidity, and temperature. Cooled granules fall out the column onto the scattering
table, where sub-standard pellets and fragments are separated from the end product.
All rejected material goes to recycling.
After cooling and additional purification ready pellets are transported by bandscraper into packing containers. For industrial customers, pellets are packed in big
bags 620-1000 kg in weight or bulk containers weighing 10 to 20 tons. For private and
small industrial customers, pellets are packed in small plastic bags weighing 15-25 kg.
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Proper performance of all technological operations (i.e. crushing, drying,
granulation, cooling and packaging) allows obtaining high-quality end products. The
quality of fuel pellets is regulated by European regulatory documents (EN ISO 172251:2014).
7.2.2. Production of fuel briquettes
The technology of briquette production is similar to the granulation one but is
simpler. The main factor determining the mechanical hardness, water resistance and
calorie value of a briquette is its density. The denser a briquette is the higher is the
quality. The quality of the briquettes also largely depends on the biomass humidity,
the optimal value of which ranges between 8 and 10%. At the higher humidity, inner
water pressure occurring during the compression of crushed biomass is an obstacle
for obtaining quality briquettes.
To produce fuel briquettes from biomass, piston and screw presses are exploited.
Before pressing, the raw material is crushed and dried (humidity should not exceed
12 - 14%). Piston press works in cycles - each time the piston moves it squeezes
biomass through the conical nozzle. The design of the piston press drive always
provides a flywheel which allows equalizing the load on the motor. Piston presses are
relatively cheap and therefore are widely used (Fig. 22).

а

b

Figure 22. Briquetting presses (Hanzhenko 2015): a) piston type; b) screw type

The feature of screw presses (extruders) is their lower weight, compared with
piston ones, due to the absence of massive piston and flywheel. The product come
out of these presses continuously, so it can be cut to desired length briquettes. The
density of briquettes produced by the extruder is higher than those by piston press.
Extruders produce less noise due to the absence of hammering. Their disadvantages
include higher energy consumption and rapid wearing of the screw.
Depending on a way of production, briquettes come in various shape: brick-like,
cylindrical, hexagonal prism with a hole in the middle (Fig. 23). There are no
standards on the size of briquettes at the moment.
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Figure 23. Different types of solid biofuel (Hanzhenko 2015)

8. Catalogue of Energy Crops
8.1. Structure of the Catalogue of Energy Crops
The catalogue of bioenergy plants includes woody and perennial crops that are
allowed to grow in the territory of the EU and Ukraine. The catalogue does not
include plants that are quarantine weed species (such as perennial ragweed, prickly
nightshade, Russian knapweed, etc.), as well as species, cultivation of which is
concerned with the risk to human health (cow parsnip Sosnowski, etc.).
The catalogue lists high-productive woody and perennial crops that are not
demanding to the conditions of growing and can guarantee stable high yields of highenergy-capacity biomass on marginal lands of various categories of marginality.
Shown in Fig. 24 is the structure of the Catalogue of Energy Crops Suitable for
Cultivation on Marginal Lands in Europe.
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Figure 24. Structure of the Catalogue of Energy Crops
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8.2. BLACK LOCUST
(Robinia pseudoacacia L.)
Botanical description
Robinia pseudoacacia L. (black locust)
is a North American tree species whose
natural habitat is the eastern United States
(Huntley, J. C. 1990). In the culture, it
occurs in all the US states, partly in
Canada, also in South America, Europe,
Asia, Africa and Australia (Weber, Ewald,
2003).
In
the
homeland
(Appalachian
Mountains) it grows in small groups or
individually in deciduous forests. The height
of the tree can reach 25-30 m, trunk – 1.5
m in diameter. The crown is light and
branchy (Hrozdova et al., 1986). The bark
is grey-brown, with grooves and cracks.
The shoots are reddish-brown. The root
system is deep and powerful, distributed in
the horizontal direction up to 50 meters
(Phillips, Shure, 1990) and penetrates the
soil to a depth of 8 m. (Bunger, Thomson,
Scientific classification
1938).
Kingdom:
Plantae
The leaves are alternate, 11-24 cm long
(unranked):
Angiosperms
with opposite leaves 1.5-4.5 cm long and
0.7-2.0 cm wide. Stipules are transformed
(unranked):
Eudicots
into dense spines up to 2 cm long. Leaf
(unranked):
Rosids
colour in summer is light-green top side and
Order:
Fabales
bluish-light-green underside; in autumn, the
Family:
Fabaceae
colour varies from pale yellow to yellow.
Subfamily:
Faboideae
The flowers are produced on shoots of the
current year. They are large, numerous,
Tribe:
Robinieae
fragrant, in rare drooping racemes up to 17
Genus:
Robinia
cm long. The colour is white, pink or purple.
Species:
R. pseudoacaci
Flowering occurs from late May to midJune.
The fruit is linear flat bean 7-12 cm in length. In Ukraine, it ripens in August–
September. The seeds are bean 3-5 mm long with the tight impenetrable membrane
(Farrar, 1995). There are approximately 50 000 seeds in 1 kilogram. The weight of
1000 seeds is 10-15 g (Kohno et al., 1991). The tree can reach the age of 220 years
and more (Schwerin, 1921). In Ukraine and Greece, it grows throughout the country.
Acacia is light-loving, drought-resistant, non-pretentious to soil, salt-tolerant, nitrogenfixing tree. It stands are used in greening, to produce wood and especially in
protectіng the soil from erosion. In northern regions, in winter, the tree may undergo
damage by frost.
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Production
Robinia pseudoacacia L. is a fast-growing tree. In first 10 years, its yearly height
increment makes up 1.2 meters, in the next 30 years 50 cm, and after 40 years about
20 cm. The tree is fast-growing and reaches a typical height of 9-15 m with a
diameter of 0.6-1.2 m. Exceptionally it may grow up to 52 meters tall and 1.6 meters
diameter in very old trees. In Ukraine, under the favourable conditions, the maximum
yield of air-dried wood pulp can reach 230-280 t/ha at the age of 25-30 years.
(Shvydenko 1987). The mean annual dry biomass yield from black locust plantations
in Greece is 6-17 t/ha (Alexopoulou, 2012). In South Korea, the annual yield at black
robust plantations is 10-20 t/ha. The energy output of the wood is about 19.4 MJ/kg
(Orwa et al., 2009).
In the south of Europe, the average weight of dry Black locust biomass is about
17-40 tons per hectare per year. The calorific value of absolutely dry black locust
wood is about 4.624 Kcal/Kg.
Growing conditions
The optimal conditions for the cultivation of Robinia pseudoacacia L. are welldrained limestone loamy soils with pH ranging from 4.6 to 8.2. (Orwa et al., 2009).
This species is capable of withstanding chloride and sulphate soil salinity in the area
of maximum spread of roots up to 1.76% and sodium salinity up to 0.24%.
(Haritonovich, 1968). Water-logged and hard compacted soils are unsuitable for
cultivation of Robinia pseudoacacia L. (Converse, 2005).
Black locust is a shade intolerant species and therefore is typical of young
woodlands disturbed areas where sunlight is plentiful and soil is dry. The tree is
planted for firewood because it grows rapidly, is highly resilient in a variety of soils.
Black locust has nitrogen-fixing bacteria on its root system, so it can grow on poor
soils and is an early colonizer of disturbed areas.
Low demand to moisture and soil fertility, its ability to increase soil fertility through
enriching it with nitrogen compounds, salt-tolerance, and considerable productivity
make Robinia pseudoacacia L. an important bioenergy plant, which can be
successfully grown on marginal land in temperate zones of Europe (Eurasia).
Cultivation technology
Black locust can be successfully propagated from seeds. That is why its
plantations are often created by using seedlings. For small plantations, root cuttings,
root shoots, and grafts may be used as the propagating material.
Seeds are harvested in October-November. Before sowing (April-May) they must
be scarified. The seeds may be processed by grinding with sand, grating or treated
with boiling water (the optimum temperature is 50 °C). Seed germination is up to
83%. Seeds should be placed in the soil to a depth of 2-3 cm in the forest-steppe
region and 3-4 cm in steppe (Schepotev, Pavlenko, 1962). The following spring, the
grown up seedlings have to be dug, sorted and planted in a permanent place.
Robinia is planted by seedlings at the site preliminary cleaned of weeds and
shrubs. Seedlings are either hand-planted or machine-planted; the depth of planting
should be at or just below the root collar. Usually, about 500-800 seedlings are
planted per acre for a pulpwood plantation. The rows on the planting site are most
often 2 to 3 m apart and seedlings are planted 2 to 3 m apart within the row that
provides 726 trees per acre.
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8.3. SCOTS PINE
(Pinus sylvestris L.)
Botanical description
Scotch pine is an evergreen tree that
reaches 20-45 m in height and 1 m or more
in diameter. Its crown is conical in young
age and close to round when mature
(Hrozdova et al., 1986; Dendroflora of
Ukraine, 2001). This is the most common
pine specie in the world. In nature, it occurs
from Britain almost to the Pacific and from
the Arctic Circle to the Mediterranean. It is
widely cultivated in the United States and
Canada (York, Littlefield, 1942).
In plantations, the pine is slim, high,
and clear-boled. The bark of a tree is
yellow-red-brown at the top and brownishgrey at the bottom, usually with deep
cracks. Young trees have their thin
branches bark grey-green too. The buds
are pointed, red-brown, placed in whorls at
the ends of shoots. Soil and hydrological
Scientific classification
conditions significantly affect the root
system of pine, which may look like tapKingdom:
Plantae
root system, have a large number of
Division:
Pinophyta
vertical roots that go deep from horizontal
Class:
Pinopsida
roots, or are superficial (on soils with high
Order:
Pinales
groundwater or in dry conditions with nondrained soil type).
Family:
Pinaceae
The needles are greyish-green, 1 to 10
Genus:
Pinus
cm long (mostly 5 to 7 cm), collected in
Subgenus:
Pinus
bundles of two needles. Needles mainly
Species:
P. sylvestris
sylvestris
live for 3 years. Male cones (microstrobili)
are yellow, sometimes reddish, ovoid, 5-7
mm long. They are generated at the base of the new shoots 2-3 days earlier than
female ones. Scale-like stamens have two anthers. Megastrobili (female cones) are
reddish 5-6 mm long, appear 1-3 at a time, sometimes more than that (at the ends of
young shoots). Pollination occurs in the spring by wind.
Cones ripen in autumn of the next year. They are oblong, ovate 3-7 cm long.
Seeds are scattered mainly in spring. A typical seed is 3 to 5 mm long. The winged
fruit is 3-4 times longer than seed. Weight of 1000 seeds varies from 3 to 13.6 g
(average 5.7 g); 1 kg contains about 167,000 seeds. Some representatives of this
species live up to 400-500 years and longer (Hrozdova et al., 1986; Dendroflora of
Ukraine, 2001; Fuchylo, 2011, Kokhno et al., 1991). Scotch pine is a fast growing,
drought-resistant, light loving not demanding to soil conditions. It stands are used to
produce timber and turpentine, in landscaping, and protect soil (especially – sandy)
from erosion (Schepotev, Pavlenko, 1962).
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Besides Scotch pine, other species of the genus Pinus L. are suitable for
growing on marginal land, including black pine (Pinus nigra), and Calabrian pine
(Pinus brutia), which are able to successfully grow in dry calcareous soils, especially
in Southern Europe.
Production
Scotch pine is a fast-growing tree species. It grows annually at a height of 30-80
cm. Under the favourable conditions for its growth (south part of Polissia of Ukraine,
on the border with Steppe), the fresh stands of this species have the average age of
43 years, height 21.5 m. Stem wood stock accounts to 500 m 3/ha, and the average
yearly increment 11.8 m3/ha (Fuchylo, 2011). An important feature of pine is the
ability to generate sufficient productive stands on dry sand and oligotrophic marshes,
where other woody plants generally cannot grow. The stands of 50-year-old have the
average stock change of 2.7 m3/ha per year (Normative-reference materials, 1987).
Having included the wood of tree crowns, the given productivity should increase by
10% (Fuchylo et al., 2016). The energy output of aboveground biomass of the Scotch
pine is about 19.52 kJ/kg (Nurmi, 1992).
Growing conditions
Scotch pine grows naturally on podzolic soils of light texture, podzolic grey,
brown, black earth soils, marshes, rocky soils and other habitats. The optimal
conditions for intensive growth of pine plantations are fresh well-drained light soils
with a pH range from 4.5 to 6.0 (Dickson, Winch, 1970). Pine can withstand slighty
chlorine (0.356%), sulfate (1.00%) and carbonate (0.06%) salinity (Hordiienko,
Hordiienko, 2005).
Scotch pine, due to the capacity of significant productivity and low demand to
moisture and soil fertility, being relatively resistant to salinity is an important energy
plant, which can be grown on marginal land in almost all European countries.
Cultivation technology
Pine propagates by seeds and its stands are often established by planting
seedlings or sowing seeds. In some cases, the grafting or rooting cuttings obtained
from young seedlings is used (Schepotev, Pavlenko, 1962).
Cones for seeds are harvested in October and January. Fresh seeds have
germination up to 95%. Before sowing (April-May), the seeds should be buried in the
soil to a depth of 0.5-1.5 cm. Seedlings in the nursery garden grow for 1-2 years.
The technology of establishing and growing pine plantations involves clearing the
area from stones, shrubs, forest residues, etc, levelling the surface (in the case there
are pits of furrows, hills), then soil tillage (usually in strips) and planting seedlings.
Seedlings can be planted by hand or using a planting machine placing root neck 1-2
cm below the soil surface. The design of seedbed should be arranged as 2-3 m x 3-1
m, that makes from 1 to 5 thousand plants per 1 hectare. To control unwanted grass
and woody vegetation in the early years, it is necessary to carry out mechanized soil
treatment, and if necessary manual or chemical soil treatment.
To increase the preservation of a plantation and ensure its intensive growth it is
advisable to use planting material with closed root system.

36

8.4. BLACK PINE
(Pinus nigra)
Botanical description
Black pine (Austrian pine) is a tall tree
20-30 (50) m tall and 80-150 cm in
diameter. It naturally grows in Southern
Europe, Asia Minor, the Crimea and North
Africa (Krussman, 1985; "Pinus nigra"
Plants Database, 2015). It is widely
cultivated in the United States and
Canada (Seiler et. al., 2015; Farjon,
2006).
The trunk is straight and a little
tapering. The crown of young trees is wide
oval or wide conical, umbellate with
ageing. The bark is dark grey, in old trees
deeply cracked and lamellar. The shoots
are greenish-grey-brown, naked; the
branches are black-grey. The root system
is well developed, sometimes (on rich soil)
forming the taproot with numerous lateral
roots that can penetrate cracks in rocks or
bedrock. The buds are 25 mm long, ovoid
or cylindrical, with long pointed end,
surrounded by many light-brown scales,
resinous. The needles of 70-140 mm long
and 1-2 mm thick are conjugated, hard,
prickly, dark green, vernicose, with
yellowish tips, straight or slightly bent, live
for 4-5 years.
Microstrobili (male cones) are sessile,
up to 25 mm long, cylindrical, yellow;
develop on the older side branches. Their
flowering occurs in May and June. They
fall down in several weeks after the end of flowering. Megastrobili (female cones) are
sessile, ovate, reddish-purple, attached as 2-4 pieces under the terminal bud.
Fertilization occurs 13 months after pollination in strobilus that has become green
and started to grow rapidly. Seed scales have bright-red sharp protruding apophyses.
The cones are almost sessile, ovate, yellow or yellow-brown, vernicose, 5-8 cm long
and 2-4 cm in diameter. The ripening occurs in the second year after the flowering.
The cones open during winter thaws or in the spring of the third year (Eisenreich,
1956; Krussman, 1985).
A seed in the lanceolate winged fruit is dark grey, brown or black, 4-7 mm long.
The weight of 1000 seeds varies from 11 to 17 g (average 14 g). One kilogram
contains about 71,000 seeds. The germination of fresh seed amounts to 95% (Kohno
N. et al., 1991).
Scientific classification
Kingdom:
Plantae
Division:
Pinophyta
Class:
Pinopsida
Order:
Pinales
Family:
Pinaceae
Genus:
Pinus
Subgenus:
Pinus
Species:
P. nigra
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Black pine is able to live up to 600 years. It is a fast-growing tree species,
highly resistant to cold and drought, loves the light, not demanding to soil conditions,
resistance to wind throw, snowfall, ice, root diseases, and pests. It stands are used
for landscaping, afforestation of steep slopes and stony soils, to obtain wood and
turpentine (Eisenreich, 1956; Krussman, 1985).
Production
Black pine is a fast-growing tree species. Its annual increment is 30-70 cm,
although in the early years it grows slowly, reaching up to 10 m in height at the age of
1.5-2 years. At the age of 20 years, the average height of stands is 7.9 m and the
average diameter is 10-20 cm; 50 years – 17-18 m and 35-40 cm, 60-70 years – 2025 m and 50-60 cm, respectively. The conditions being equal, black pine is less
productive than Scotch pine; however, this difference diminishes along with maturing
(Kharitonovich, 1968). An important feature of black pine, unlike other woody plants,
is the ability to form productive stands on very poor, dry, hot rocky soil on the
southern slopes of the mountains. At the age of 70 years, the stands have wood
stock about 360 m3/ha (Eisenreich, 1956). According to M. Koning (quoted by
Eisenreich, 1956), in the Netherlands, the productivity of 45-year-old black pine
plantations in the Austrian moorland is 303 m3/ha.
Growing conditions
Black pine is very undemanding to soil conditions, but mostly prefers soils rich in
lime. In nature, it grows natural at altitudes up to 2000 m (typically 250-1600 m)
above sea level. Black pine plantations are able to grow in acidic, alkaline, loamy
soils, moist sand, well-drained and clay soils. Normal growth of black pines can be
ensured on coarse slightly bound sand, sandstone, gravel and limestone with a pH
range of 4.0 to 7.0 or higher. Comparing to Scotch pine, black pine needs a bit more
warm soil; it is very drought-resistant, therefore, the best places for its growth and
development are the slopes of southern exposure. In Lower Austria, plantations of
Austrian pine grow successfully even under very small amounts of precipitation
during the growing season (only 335 mm).
Black pine, due to low demand for moisture and soil richness, being relatively
resistant to salinity and productive is an important energy plant which can be
cultivated on marginal land in almost all European countries (Eisenreich, 1956;
Krussman, 1985; "Pinus nigra" Plants Database, 2015).
Cultivation technology
Black pine propagates by seeds and its plantations are often established by
planting seedlings. Cones for seeds should be collected in October and January.
Laboratory germination of seeds is up to 75%. Before sowing (April-May), the seeds
should be buried in the soil to a depth of 0.5-1.5 cm. Seedlings in the nursery garden
grow for 1-2 years.
The technology of establishing and growing pine plantations involves clearing the
area from stones, shrubs, forest residues, etc., levelling the surface (in the case there
are pits of furrows, hills), then soil tillage (usually in strips) and planting seedlings.
Seedlings can be planted by hand or using a planting machine placing root neck 1-2
cm below the soil surface. The design of seedbed should be arranged as 2-3 m x 2-3
m, that ensures from 2.5 to 5 thousand plants per 1 hectare. In the mountains (on the
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slopes) soil tillage has to involve cutting terraces with manual tools or motor
cultivator. To control unwanted grass and woody vegetation in the early years, it is
necessary to carry out mechanized soil treatment, and if necessary manual or
chemical soil treatment.
In order to ensure intensive growth of plantations and improve the
preservation of plants, it is advisable to use large-sized planting material with
closed root system (Forest Crops, 2005).
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8.5. BASKET WILLOW
(Salix viminalis L.)
Botanical description
Basket willow, a tall bush or bush-like
tree up to 6-8 meters tall,is a Eurasian
boreal species, which area covers Central
Europe(including the UK). It does not
occur in the Iberian and Apennine
peninsulas, in the Balkans, Scandinavia,
and Denmark. To the east, it extends to
Lena and Aldan rivers, from the upper
border of the forest zone in the north to the
steppe in the south. Along the river valleys
and tundra,it comes to semi-deserts
(Skvortsov 1968, 1977). In a culture,it
grows everywhere; it is naturalized in
eastern North America (Argus, 2006).
The bark on older shoots is dark grey
with longitudinal cracks. The root system
is strong, plastic, usually without the
expressed taproot. Young shoots are long,
flexible, grey or yellowish-green, naked,
downy on top. The buds are adjacent to
shoot, flattened, with a bent tip, greyishpubescent. Leaves are narrow, linearlanceolate, 10-20 mm wide, 12-20 cm
long, plain, pointed, dark-green on the
upper-side and almost white,silky-downy
on the down-side, silky-downy. The petiole
is up to 1 cm long, downy. Stipules are
pointed, glandular-toothed. The aments
are sessile, up to 6 cm long. The seed-bud
is silky-downy. Flowers have two stamens.
The willow flowers along with foliage
appearance in March-April. The fruit is light-greyish-yellowish silky-downy sessile
two-valvate capsule 3-4 mm long. It matures in the second half of May. The seeds
are grey-green, oval, and very small (0.9-1.1 mm long). They spread by a bundle of
hairs carried by the wind) over long distances). The weight of 1000 seeds is 0.10
g.One kilogram contains about 10 million seeds. The seeds do not have a dormancy
period. Immediately after collection, the seeds have high laboratory germination,
which is more than 85%. Once they get into the wet substrate, they germinate within
several hours. However, without moisture, they lose germination within12-15 days
(Bean, 1980; Fuchylo, Sbytna, 2009).
Willow is photophilous, not demanding to soil, frost and weed-resistant. It is used
for landscaping and protecting soils from water erosion. High-yielding genotypes and
hybrids of Salix viminalis are grown on special plantations to obtain energy wood raw
material for biofuel production.
Scientific classification
Plantae
Kingdom:
Angiosperms
(unranked):
Eudicots
(unranked):
Rosids
(unranked):
Malpighiales
Order:
Salicaceae
Family:
Salix
Genus:
S. viminalis
Species:
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Production
Basket willow grows and accumulates wood very fast in the first years. In the first
year of vegetation, the young trees on the well-moistened medium fertile soils
established using cuttings have an average height of 203-220 cm; in the next year
(after cutting the shoots) the height increases to 280-320 cm. At the same time,it
accumulates 47.3 m3 of fresh wood per hectare (Fuchylo, Sbytna, 2009). Under the
conditions of Polissia, the productivity of 5-7-year-old plantations of Salix viminalis
ranges from 12.4 to 22.7 t/ha of fresh wood per year (Sautin et al., 1986; Fuchylo,
2011). The dry matter content in the green mass of the willow is 48.2% (Sautyn et al.,
1986); the energy output from 1 kg of absolutely dry matter is about 17 kJ/kg (Roik et.
al., 2015).
Growing conditions
Basket willow grows naturally along the banks of rivers and streams, occasionally
occurs in meadows and ditches, wet alluvial not very acidic soils (Beckett and
Beckett, 1979). It can successfully grow in many types of soil, including wet, poorly
drained or periodically flooded (Bean, 1980). The optimal conditions for the willow
plantations are well drained sandy and wet loamy soil with a pH range of 6 to 7
(Parfenov, Mazanyi, 1986). Rarely is it able to successfully establish in chalky soils
(Huxley, 1992). Dry soils are not suitable for willow cultivation. The plant is resistant
to pollution and strong winds (Beckett and Beckett, 1979).
Basket willow, thanks to successful growth in different types of soils (especially
on wetlands), the ability to securely consolidate water basin banks and produce a
significant amount of wood within short terms is advisable to grow on marginal land in
temperate zones of Europe.
Cultivation technology
To establish plantations of Salix viminalis cuttings of 20-30 cm in length are used.
Soil tillage must be deep with the loosening of the ground to a depth of 40-60 cm.
The cuttings are planted in rows with 2 line each one, with the distance between rows
of 1.5 m, and between the lines in the row of 0.75 m. The optimum planting density is
12,000-18,000 plants per hectare. In small plots, cuttings are planted manually. For
planting the cuttings in large areas, special machines are developed that cut willow
cuttings during planting. Tending of the plantations consists of using complex of
agronomic and chemical measures that ensure control of weeds, pests and diseases,
fertilization, soil aeration and moisture preservation. After the first growing season,
the aerial parts of plants shall be cut to increase the number of shoots (so called
‘technological’ cutting). Later on, wood can be harvested every 3 years. Cutting of
shoots is conducted at a height of 5-10 cm from the soil surface. After each harvest,
tending soil and fertilization must be carried out. A lifetime of basket willow
plantations is about 25 years and longer (Energy willow, 2015).
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8.6. POPLAR
(Populus sp. L.)
Botanical description
Poplars naturally grow in different
climatic zones of the northern hemisphere.
The northern border of their distribution
coincides with the border of woody
vegetation and in the south passes
through North Africa, Iran, the Himalayas,
southern China, California and Florida
(Eisenreich, 1956; Redko, 1975; Bean,
1980; Farrar, 1995). The genus Populus
includes, according to various sources,
from 27 (Kohán, 1993) to 110 (King, 1985)
species. Among the poplars growing in
culture, 90% are species and hybrids of
black poplar (Aigeiros Duby) (Mátyas,
Peszlen, 1997). Mostly this name is used
for Euroamericana poplar (Populus ×
euramericana (Dode) Guinier), which is a
hybrid of black poplar (P. nigra L.) and
eastern
cottonwood
(P.
deltoides
Marsch.). This is usually a tree, reaching
heights of 40-45 m and a diameter of 1.52.0 m and more. The root system of poplar
is strong. Its shape depends on the depth
of groundwater and other characteristics
of the soil profile. Poplar’s type of
branching is sympodial. The shoots are
naked, without hairs or felty-downy. The
leaves are simple, varying in their shapes:
round, elliptical, ovate, rhombic, triangular
or even lanceolate. The petiole is short
and long, flattened laterally. Leaves can
be three- and five-blade. Colour of leaves in different species varies from nitid bright
light green to dull dark green or matte silvery-white. Some species have the whitish
underside of leaves, while the others have green. Leaves of young shoots as well as
of root shoots are very different from the leaves of the crown. The buds are relatively
large, covered with multiple scales. Sexual maturity in poplar occurs at the age of 1012 years. The inflorescence is spicate panicle. Poplar blooms in early spring before
leafing. Pollination occurs by the wind. Pollen quickly (within 1-2 days) falls down
from the anthers. The seeds are small 1 to 2 mm long. One gram contains from 5,000
to 10,000 seeds. The seeds can be light grey or greenish-grey, with thin film-like skin
and a small embryo, which does not contain nutrients. Once in the well-lit and wet
surface, the seeds germinate within 10-15 hours. In dry conditions, the seeds quickly
lose their germination (Eisenreich, 1956; Redko, 1975; Bean, 1980; Farrar, 1995).
Scientific classification
Kingdom:
Plantae
(unranked):
Angiosperms
(unranked):
Eudicots
(unranked):
Rosids
Order:
Malpighiales
Family:
Salicaceae
Tribe:
Saliceae
Genus:
Populus
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Poplar is light-demanding, fast-growing, relatively resistant species that is widely
used in various plantations, in particular, for the faster growing of wood assortments
and biomass.
Production
Poplars are the most fast-growing tree species of the temperate zone. Especially
fast growth occurs in the first 10-15 years (Eisenreich, 1956; Redko, 1975; Fuchylo,
2011; Tsarev, 1985).
With the intensive method of cultivation on the best soils in Spain, with the 11-12year cutting cycle, the annual increment of wood in poplar plantations is 34.7 m 3/ha
and 30 m3/ha in Italy, while for the 25-year cycle 35.4 m3/ha in Italy and 28.7 m3/ha in
Germany (Redko, 1975). In the south of Ukraine, even under relatively poor
conditions on fresh sandy loam, 21-year-old poplar stands yield at up to 14.1 m 3/ha
per year, and in favourable wet conditions, 27-year-old plantation produces 36.8
m3/ha (Fuchylo et al., 2012). In Greece, the mean annual dry biomass yield from
experimental poplar plantations is 16.5 t/ha (Aravanopoulos, 2010).
The energy yield of dry matter of poplar is about 19 kJ/kg (Nurmi, 1992).
Growing conditions
Distribution of poplar is mainly determined by the presence of sufficient moisture,
so it occurs in valleys, banks of rivers and other freshwater bodies. Providing
sufficient moisture of the soil, poplar can successfully grow outside floodplains.
Poplars are demanding for nitrogen, phosphorus, and calcium. They achieve the
highest productivity on rich wet soils. The most favourable for them soil acidity is
close to neutral (pH of 6-7). Under higher soil acidity, poplar cultivation requires prior
liming. Soil pH of 4.5-5.0 is critical for poplar (Eisenreich, 1956; Redko, 1975; Bean,
1980; Farrar, 1995).
Of the poplars species, the salt-tolerant ones are silver poplar and
Bolle's poplar. Much less salt-tolerant are black poplar, eastern cottonwood, and
some euroamericana hybrids. In particular, the most salt-tolerant is Populus ×
euramericana cv. 'Marilandica' (Redko, 1975).
Poplar is an important species due to the ability to grow in different types of soils
(especially on wetlands) and produce a significant amount of wood within short
terms. Therefore, it is advisable to grow on marginal land in temperate zones of
Europe.
Growing technology
Short-rotation poplar plantations are established using cuttings of 20-30 cm long,
while the plantations for obtaining large assortment trees using 1-2-year-old woody
cuttings. Soil tillage in both cases must be deep, with the loosening of the soil to a
depth of 40-60 cm. The cuttings are planted in rows with 2 line each one, with the
distance between rows of 1.5 m, and between the lines in the row of 0.75 m. The
optimum planting density is 12,000-15,000 plants per hectare. In small plots, cuttings
should be planted manually. For planting the cuttings in large areas, special
machines are developed that cut willow cuttings during planting. The plantations for
obtaining large trees should be arranged in squares placing cuttings 3.0 to 5 (8) m
from each other, that corresponds to stand density from 1100 to 400 (160). Tending
of the plantations consists of complex of agronomic and chemical measures that
43

ensure control of weeds, pests and diseases, fertilization, soil aeration and moisture
preservation.
In short rotations plantations, after the first growing season aboveground plant
parts shall be cut to increase the number of shoots. Later on, the wood is harvested
every 2-3 years during winter dormancy period. Cutting shoots are conducted at a
height of 5-10 cm from the soil surface. After each harvest, tending soil and
fertilization must be carried out. A lifetime of poplar plantations is about 25 years and
longer.
Plantations for obtaining large assortment trees grow 15-25 years with the
periodic loosening of soil and cutting the lower branches to a height of 8.12 m in
order to obtain knot-free wood. After cutting the plantations, new generation shoots
can grow from root and stubs (Fuchylo, 2011).
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8.7. EUCALYPTUS
(Eucalyptus)
Botanical description
Eucalyptus is an evergreen fastgrowing tropical tree species up to 100 m
tall. It is used as a biomass source for
bioenergy, and for pulp and paper
manufacturing (Bassam 2010). Its natural
habitat is Australia, from which it spread
into many tropical and subtropical regions
of the world.
The trunk is straight or curved, often
covered with secretions gum. The crown
can take wide pyramidal, ovoid, pavilion,
weeping and other shapes.
A leaf blade is solid, blue-green,
fragrant, sabre-like curved, with the edge
turned to the sun, which leads to little
shade. They do not fall down. Instead, an
old layer of bark shells off.
The flowers are correct, bisexual,
sessile or with legs, collected in axillary or
apical inflorescences, which may be
Scientific classification
coryform or panicle.
Kingdom:
Plantae
The fruit is a capsule, which is mostly
smooth, sometimes grooved, ribbed or
(unranked):
Angiosperms
tuberculate, consisting of more or less
(unranked):
Eudicots
enlarged, truncated, woody, receptacle
(unranked):
Rosids
tube, opening at the top into the divergent
Order:
Myrtales
valves in the number of nests. The seeds
Family:
Myrtaceae
are mostly underdeveloped, full, usually
single, sometimes several in a nest, eggSubfamily:
Myrtoideae
shaped or round, flattened or different
Tribe:
Eucalypteae
angular, sometimes with wings, mostly
Genus:
Eucalyptus
with the black, smooth or ribbed shell.
Most eucalyptus plantations develop
superficial root systems (Reis et al, 1995), though some eucalyptus roots can grow to
30m in depth and extract water from 6 to 15m depth (Peck and Williamson, 1987).
Production
Among the many uses of eucalyptus wood, probably it is used more for fuel than
for any other purpose. A few eucalyptus species are increasingly being planted in
some global regions to provide wood for fuel and / or charcoal production for
industrial and home use (Hillis, 1990). The high density of eucalyptus wood makes it
a good fuel.
Eucalyptus yields are influenced by precipitation, fertility, soil, location,
management, and genetics. Eucalyptus spp. yields 7.6-14.3 tons of dry matter per
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acre annually after 3-5 years of growth on a clay settling area in central Florida,
comparable to 8.9-13.8 dry tons of dry matter per acre estimated for eucalyptus in
Florida (Rahmani et. al., 1998).
Productivity in Brazil is among the world's highest. Dry matter yields of up to 50
t/ha/year have been reported for Eucalyptus grandis (Rossillo-Calle, 1987). Average
productivity for eucalyptus is estimated to be the vicinity of 25-30 m3/ha /year
(Mangales and Rezende, 1989).
On fertile fields with a plant density of 20,000 plants/ha (1.0x0.5 m) and
appropriate irrigation and fertilization management, dry matter yields of two-year
rotating E. camaldulensis of up to 32 t/ha/year have been obtained. In contrast, on
marginal and abandoned fields the mean annual increment for above ground woody
biomass of densely planted E. globulus varied from 11.0 to 14.3 t/ha/year on a threeyear rotation cycle (Borough et al, 1984).
In experimental plantations of E. camaldulensis in northern Greece, with
appropriate irrigation and two-year rotation period, after three successive rotations,
the mean dry matter yield was 24 t/ha/year (Eleftheriadis, 2014). Generally, the
annual production of dry biomass in Greece ranges from 18 to 32 t/ha (Kittas et al.,
2007). Heating values of 18.94 MJ/kg for wood and 16.46 MJ/kg for bark were
reported. However, much higher heating values have been reported (Rockwood et al,
1985) for various eucalyptus species, ranging from a low value of 19.7 up to 21.0
MJ/kg dry fuel for some heavier species (Jacobs, 1979). At the same time, the ash
content in wood is twice as less as in leaves. The high ash content of leaves requires
automatic ash removal equipment in combustion systems.
Eucalyptus is an interesting crop for the production of solid biofuels as well
(woody biomass), that can be co-fired with coal or used in dedicated biomass power
plants (Bassam 2010).
Growing conditions
Eucalyptus has proven to be one of the most productive and economically viable
biomass crops in the world, with expansive commercialization on all populated
continents. As with other biomass crops, high yields require fertilization and water
(Langholtz and Wright 2011).
Many eucalyptus species are highly adaptive and grow rapidly in a wide range of
climatic conditions. Sensitivity to low temperatures is the most important
environmental factor limiting the latitudinal and altitudinal range of which eucalyptus
can be planted. Many eucalyptus species can be grown successfully not only in the
regions where they occur naturally but in most parts of the tropics, subtropics and
warm temperate zones (Bassam 2010).
Eucalyptus grows on old and well-leached soils, with a fairly low pH. Although
many eucalyptus species can grow on soils of low nutrient status, especially on those
deficient in nitrogen and phosphorus, eucalyptus respond well when nutrients are not
limiting (Turnbull and Pryor, 1984; Hillis, 1990; Lapeyrie, 1990). Soil drainage and
acidity may affect the adaptation of certain eucalyptus species. Some species have
been used to assist control of waterlogging, water and wind erosion; others have
shown smog tolerance, and others have proved invaluable for planting in arid regions
(Hillis, 1990).
Eucalyptus is able to produce acceptable yields on relatively poor soils with a
prolonged dry season, exhibits some frost resistance, tolerates periodic waterlogging
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and some soil salinity, and becomes chlorotic on highly calcareous soils. It is a
drought-resistant species and grows in areas receiving 200 mm rainfall per annum,
though growth is better where the annual rainfall exceeds 400 mm. It is considered
as a drought-tolerant species suitable for afforestation in arid or semi-arid regions.
(Turnbull and Pryor, 1984).
Many eucalyptus plantations in certain Mediterranean regions are grown on hilly
sites with sandy to sandy loam soils that are vulnerable to erosion and unsuitable for
many other crops. Eucalyptus coverage of such hilly sites, beyond providing an
income to the farmers and employment to local people, offers valuable protection
against water and wind erosion. Fast growth also makes eucalypts suitable as
windbreaks, and when planted they reduce erosion (Bassam 2010).
Cultivation technology
For the establishment of eucalyptus plantation to be successful, it should be
quality cleaned of trees, overgrown bushes and trees, and of weeds. This requires a
complex combination of mechanical treatments involving herbicides.
Eucalyptus is propagated by seeds, which should be planted in the autumn or
winter in greenhouses and greenhouses. At a temperature of 18-20 °C the seeds
germinate in 5-7 days. Having the first leaves developed, the plants shall be pricked
off. On reaching the height of 25-30 cm they are planted in a permanent place.
Vegetative propagation of eucalyptus trees can be done using cuttings taken from
young trees.
The Eucalyptus seedlings are planted from 3 to 4 weeks after the herbicide
spraying. If simazine was used, care should be exercised during the planting
operation to not disturb the soil any more than necessary.
Post-planting weed control is done with manual backpack sprayers. The most
critical time is 2 to 3 months after planting when regrowth of the weeds is competing
strongly with the tree seedlings. Glyphosate at a rate of one gallon/acre, with
appropriate surfactant and antifoam agents, is used as a directed spray on the
weeds. Special care is required to avoid spraying the tree seedlings because
eucalyptus foliage is extremely susceptible to herbicide damage at this stage. If the
first herbicide treatment is done carefully and is applied on schedule (2-3 months),
many of the trees will have outgrown the weeds by the end of the first 6 months; the
second fertilizer application at this time will maintain their growth rates (Whitesell et.
al. 1992).
Although a complete N-P-K fertilizer is recommended at the time of planting,
subsequent fertilizer recommendations involve only N. Frequent applications of this
element early in the rotation were beneficial; however, subsequent applications of P
and K may also be required (Strand et. al. 1992).
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8.8. TREE OF HEAVEN
(Ailanthus altissima)
Botanical description
Ailanthus (Ailanthus altissima), also
called tree-of-heaven, Chinese sumac,
paradise-tree, and copal-tree, is an
introduced species that has become widely
naturalized across the continent.
It is a medium-sized tree that reaches
heights between 17 and 27 m with a
diameter at breast height of about 1 m
(Hottes
1952;
Illick
&
Brouse
1926). The bark is smooth and light grey,
often becoming somewhat rougher with
light tan fissures as the tree ages. The
twigs are stout, smooth to lightly
pubescent, and reddish or chestnut in
color. The yellowish-green flowers of
ailanthus appear from mid-April to July.
The flowers are arranged in large panicles
at the ends of new shoots. A dioecious
species, it bears male and female flowers
Scientific classification
on different trees, with male trees
Kingdom:
Plantae
producing three to four times more flowers
(Hu 1979). Seed ripen from September to
(unranked):
Angiosperms
October. The fruit is a samara with the
(unranked):
Eudicots
seed in the center of a thin, oblong wing,
(unranked):
Rosids
well adapted for wind dispersal.
Order:
Sapindales
Ailanthus roots are shallow spreading,
Family:
Simaroubaceae
often apparent at the soil surface, and
Genus:
Ailanthus
roots near the trunk thicken into enlarged
Species:
A. altissima
storage structures. These large rounded
structures are assumed to be for water
storage, contributing to the drought
hardiness of the species (Davies 1944). There is a general absence of a taproot with
most roots present in the upper 46 cm of soil. Within this zone, the deeper roots send
numerous small roots to the surface. Adventitious shoots may arise from any of the
surface roots.
Production
A short-lived species, it lives 30 to 50 years (U.S. Department of Agriculture
1949). On arid sites, 15 m or more of height growth can be reached in 25 years, with
a straight bole for 10 to 12 m (Goor & Barney 1968). At a New England location,
trees reached a 10 to 15 m height and 9 to 11 cm d.b.h. in 30 years (Hu 1979).
Sprouts have shown first-year height growth of 3 to 4 m (Swingle 1916).
Ailanthus is an important timber and fuel wood tree in China, and is planted for
timber and afforestation in New Zealand, the Middle East, eastern Europe, and South
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America. Ailanthus grows extremely rapidly and interferes with growth of native
species.
The calorific value of absolutely dry Ailanthus altissima wood is about 4,538 Kcal
/Kg. Ailanthus possibly has not already used for biomass production. No data has
been found for the average volumes or increment of Ailanthus per hectare.
Growing conditions
Ailanthus is a fast-growing tree and grows best in loamy, moist soils but tolerates
a wide range of textures, stoniness, and pH. On the dry end of the moisture spectrum
it is drought hardy, and on the wet end it cannot tolerate flooding. The species'
tolerance of harsh sites led to testing for strip mine reclamation; a study in eastern
Kentucky found ailanthus better adapted to acid spoil than to calcareous spoil and
capable of growing on spoils with low to moderate phosphorus. Soils on which
ailanthus most commonly is found are within the orders Ultisols, Inceptisols, and
Entisols (Plass 1975).
Ailanthus also tolerates a wide range of soil nutrient levels and other soil
conditions. Best growth occurs on nutrient-rich, loamy soils. Topography on Ailanthus
sites may be flat, rolling, or very steep. Ailanthus's spreading root system permits
establishment and growth on steep inclines and cliff faces.
Because of its wide distribution, ailanthus grows under a variety of climatic
conditions. Within the naturalized range of the species, the climate can be temperate
to subtropical and humid to arid. Annual maximum and minimum temperatures are 9° and 36°C (Adamik & Brauns 1957; Goor & Barney 1968).
Ailanthus has found an extremely wide variety of places to establish itself, from
urban areas to reclaimed surface-mined lands. Its successful reproduction on
impoverished soils and in harsh environments results from its ability to sprout from
the roots and to seed prolifically.
The species, tolerance of noxious emissions of gases and various dusts assures
its continued use for plantings in industrial environments. Tolerance of poor soils and
low soil moisture dictates its selection for city plantings in arid climates as well as
shelterbelt plantings and on strip mine reclamation projects, although its unfavorable
traits (odor and root sprouting) have decreased city plantings.
Cultivation technology
Ailanthus has several physiological adaptations that probably aid in its
establishment and spread.
After collection, seeds should be spread to air-dry. Number of seeds per kilogram
averages from 27,000 to 33,000 and germination after cold stratification averages 65
to 85 percent Seeds should be stored dry in sealed containers. The recommended
cold stratification is 50 °C in moist sand for 60 days (Goor & Barney 1968;
Schopmeyer 1974).
Seeds, can be sown immediately upon ripening or stratified until spring. In
nurseries, seeds are usually sown in the spring and seedlings transplanted early the
following spring. Germination is epigeal. Vigorous first-year seedling growth of 1 to 2
m has been reported (Adamik & Brauns 1957; Hu 1979). Average survival on 11
different plantings in Indiana strip mines was 74 percent after the first growing season
and then decreased to 58 percent after the first winter (DenUyl 1962). This illustrates
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the winter damage and mortality frequently reported (Adamik & Brauns 1957; Goor &
Barney 1968).
After death or injury of the main stem the wide-spreading shallow root system
can give rise to an abundance of sprouts (Swingle 1916).
The species is relatively resistant to insect predation (Goor & Barney 1968).
Although many fungi have been reported on the leaves and twigs of ailanthus, the
tree suffers little from disease, and its pathology need rarely be a consideration in its
culture (Hepting 1971).
Wind, snow, and hard freezes are damaging to tops of seedlings, while mature
trees are resistant to ice breakage (Croxton 1939).). Resprouting usually occurs,
although repeated damage leads to a reduction in seedling survival.
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8.9. MISCANTHUS GIGANTEUS

(Miscanthus x giganteus)
Botanical description
Miscanthus × giganteus is a highly
productive, sterile, rhizomatous, C 4
perennial grass that should be considered
as a feedstock for bioenergy production
(Anderson 2011). Miscanthus x giganteus
is a sterile hybrid of diploid Mischantus
sinensis
and
tetraploid
Mischantus
sacchariflorus; that is why it cannot form
viable seeds (Hodkinson, 2002).
Miscanthus x giganteus can reach up
to 5.0 m in height. Dark green leaves of 40100 cm in length and 2.5 cm in width have
a distinct middle white line. Miscanthus x
giganteus flowers in autumn from
September to October, depending on
weather conditions.
Its root system is fibrous. It does not
have a main taproot and branches out
evenly. Roots start their development from
Scientific classification
rhizomes (that are modified shoots).
Depending on the cultivation conditions,
Kingdom:
Plantae
the roots can penetrate the soil to a depth
(unranked):
Angiosperms
of at least 100-150 cm, and reach 3 mm in
(unranked):
Monocots
diameter. However, the major portion of the
(unranked):
Commelinids
roots (70 %) is located in the soil layer of 015 cm (Anderson 2011).
Order:
Poales
Miscanthus x giganteus is a loose
Family:
Poaceae
bunch plant and has a main and secondary
Subfamily:
Panicoideae
shoots. Depending on the cultivation
Genus:
Miscanthus
conditions, the stem height ranges from 1.5
to 4.0 m in Europe and from 3.0 to 5.0 m in
Southeast Asia. Plant height is determined by the number of interstices (up to 20)
and their length.
After sprouting, Miscanthus x giganteus plants start forming leaves one by one.
One shoot can have 16 to 20 leaves. The leaves vary in length from 0.5 to 1.0 m, and
from 1.0 to 2.5 cm in width.
The top stem interstitial forms a compact panicle, which consists of a central axis
and lateral branches (ears). Depending on the varietal characteristics and growing
conditions, a panicle size and its structure may differ (from 26 to 30 cm in length and
7 to 10 cm in width). The number of ears on a peduncle ranges from 40 to 50.
Productivity
Miscanthus x giganteus is a perennial plant that can be grown up to 20 years.
High yield of dry biomass (up to 25 t/ha) along with the high calorific value (18 MJ /
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kg) and low natural moisture of the stems at harvesting (up to 30%) makes
miscanthus the most effective crop for the production of solid biofuels when
compared with other crops. Miscanthus stems can reach 4 m in height and contain
from 64 to 71% of cellulose, which makes it a plant of high energy value: one ton of
dry miscanthus is equivalent to 440 kg of crude oil, 1.2 t of wood, 515 m 3 of natural
gas, and 820 kg of coal (Hanzhenko, 2015).
Growing conditions
Miscanthus x giganteus is a cold-resistant and heat-loving herbaceous plant
belonging to the C4 group of plants in terms of photosynthesis. It is one of a few
plants that can grow in climates of Central and Eastern Europe and achieve high
biomass yields (McKervey, 2008). The root system of miscanthus is capable of
withstanding periodic low temperature (to - 23 °C) and snow. The plants become the
most vulnerable after the first overwintering when the most intense growth and
development of plants occur at a temperature of 25-32°C.
In Ukraine, growing season for miscanthus begins in April, when the soil
temperature reaches 10-12 °C and ends with the onset of frost in October-November
(Zinchenko, 2006).
Miscanthus roots can penetrate at a depth of 2 m and effective use the available
moisture resources. During the growing season, it needs about 700 mm of rainfall (it
takes about 250 L of water to produce 1 kg of dry substance). When a prolonged
drought occurs, leaves wilt, curl and die off (Beale 1999).
Miscanthus is a light-loving plant. It uses a lot more solar energy than other
cereals. To form optimal leaf surface and accumulate sufficient amount of organic
matter, miscanthus requires intensive sunlight during the growing season, for nonsufficient light plants elongate, turn yellow, and significantly reduce the rate of
photosynthesis and the amount of assimilates. That is why it is important to protected
miscanthus plants from weeds in the first year of growing.
An important advantage of miscanthus is that it can be grown on marginal lands.
It can grow on soils of different types, namely on sands with low levels of ground
water, on soils with regulated water regime, high organic matter content, on saline
and alkaline soils (Zinchenko, 2006). But the most favourable conditions for growth
and development are moist, well-drained soils with a pH ranging from 6.5 to 7.5
(Caslin, 2011). At a pH values below 5.5 soils require liming to grow miscanthus on
them.
To generate one ton of dry biomass plants take out of the ground about 3 kg of
nitrogen, 1 kg of phosphorus oxide, and 4 kg of potassium oxide (Zinchenko, 2006).
There is a special need for nutrients, such as nitrogen, phosphorus, potassium,
calcium, magnesium, iron, sulphur, boron, manganese, molybdenum, copper, zinc,
cobalt, which occurs in early summer during active root growth.
Cultivation technology
The technology of growing miscanthus includes pre-planting soil treatment to a
depth of 12 cm. The seeds being non-viable, miscanthus can be propagated with
parts of the roots (rhizomes), which are to be planted at a depth of 8-10 cm using
special planters. The density of planting must be 10,000-20,000 seeds/ha. For
planting, rhizomes of 10-30 g are used. During first vegetation season, miscanthus
grows very slowly; therefore main attention must be paid to weeds control. For this
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purpose, row tillage and herbicides application are required. Under adverse weather
conditions in the first year of vegetation miscanthus forms low yield, less than 2 t/ha,
so harvesting is economically worthless. Mostly, miscanthus is harvested after
second-year vegetation with using common fodder harvesters. Harvesting may be
carried out from late autumn to early spring. At this time the leaves fall leaving bare
stalks, which contain little mineral elements. This way of harvesting ensures
replenishment of soil organic matter. The collected miscanthus biomass can be
crushed to chips or pressed into bales.
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8.10. SWITCHGRASS
(Panicum virgatum L.)
Botanical description
Switchgrass (Panicum virgatum L.) is
an erect, warm-season perennial whose
native habitat originally included the
prairies, open woods, brackish marshes,
and pine-woods (Pinus spp.) of most of
North America except for the areas west of
the Rocky Mountains and north of 55°N lat.
(Hitchcock 1951; Stubbendieck et al. 1991).
The stems are erected from 50 to 300
cm in height, dependent on a variety and
growing conditions. The root system can be
up to 3 m deep (Beaty et al, 1978; Christian
and Elbersen, 1998; Moser and Vogel,
1995).
The stiff, tough stems are capable of
withstanding moderate snow loads. The
inflorescence is a diffuse panicle 15 to 55
cm long with spikelets toward the end of
long branches (Hitchcock, 1951; Gould,
1975).
Scientific classification
Switchgrass reproduces by seeds,
Kingdom:
Plantae
tillers, and rhizomes. It has the panicoid
type of seedling root development
(unranked):
Angiosperms
(Newman and Moser, 1988; Tischler and
(unranked):
Monocots
Voigt, 1993).
(unranked):
Commelinids
Switchgrass seeds are hard with
Order:
Poales
smooth surface and the 1000-kernel weight
Family:
Poaceae
from 0.7 to 2.0 g
The leaves have a bluish cast and can
Genus:
Panicum
attain
a length of 0.6 m. At the junction of
Species:
P. virgatum
the leaf blade and leaf sheath, the ligule is
a dense ring or cup of hairs on the upper leaf surface. The panicles are pyramid
shaped with many purplish spikelets (Renz et. Al. 2009)
Switchgrass has two distinct ecotypes, lowland and upland (Porter, 1966;
Brunken and Estes, 1975). Lowland types are found on floodplains and other areas
subject to inundation while upland types occur in upland areas that are not subject to
flooding. Lowland types are taller, more coarse, generally more rust resistant, have a
more bunch-type growth and may be more rapid growing than upland types (Bassam
2010).
Production
Since the early 90s, in the United States and Canada, switchgrass started to be
considered as a perennial energy crop, the raw material of which can be used to
produce solid biofuels, and in cellulose industry. The high cellulosic content makes
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switchgrass a candidate for ethanol production as well as a combustion fuel source
for power production (Rinehart 2006).
The height of switchgrass plants grown in an area of insufficient moisture in
Ukraine ranges from 1.0 to 2.5 m, and the yield of dry biomass from 7 t / ha to 14.2 t /
ha, depending on the varietal characteristics (Hanzhenko et. al. 2014 ). In Greece,
the mean annual dry biomass ranges from 14 to 25 t/ha (Alexopoulou, 2012). This
indicates that if switchgrass is grown in Europe, large yields of biomass may be
achieved, especially at locations that are more southern. In northern Europe,
switchgrass may have a lower yield than some alternative biomass crops such as
miscanthus grass (Schwarz et al, 1994). However, switchgrass has lower production
costs compared to miscanthus because it can be established by seeds and requires
less fertilizer.
The energy value of switchgrass is about 18.4kJ/kg of dry mass, which is
comparable to woody species but about 33 % less than that of coal (McLaughlin et
al, 1996). Moisture content is variable and depends on the time of harvest and
storage methods.
Switchgrass yield on marginal land in the first year of vegetation is low (1.7-3.2
t/ha), but increases in the second year to 7.4-12.4 t/ha, and in the third and
subsequent years to 12.4-25 t/ha (Mooney 2009).
Growing conditions
Switchgrass is a perennial C4 grass propagated by seeds that can be
established at low cost and risk, and requires very low inputs while giving high
biomass yields even on marginal soils. Switchgrass has several characteristics that
make it suitable as a biomass crop, including high potential productivity, low nutrient
demand, efficient water use and good persistence (Jung et al, 1988; Hope and
McElroy, 1990; Sladden et al, 1991).
Switchgrass is not demanding for moisture and nutrients, it has a high natural
resistance to disease and pests allowing stable yield of dry biomass on lowproductive eroded lands. Switchgrass grows well in fine to coarse textured soils, and
in regions where annual precipitation falls between 380 and 760 mm or more per
year. It can tolerate wet sites and survive short-term flooding. Switchgrass is an
excellent plant to use in riparian buffer strips or on other sensitive lands, as its root
system prevents erosion while slowing the travel of surface water, decreasing run-off
from agricultural fields, and allowing for greater water infiltration (Rinehart 2006).
Because switchgrass seedlings place most roots near the soil surface, it is very
vulnerable to dry soil conditions for several weeks after germinating (Gibson and
Barnhart 2007)
Switchgrass is most productive on moderately to well-drained soils of medium
fertility and at a soil pH range of 5.5 to 7.0 (Gibson and Barnhart 2007). Switchgrass
will tolerate acid conditions but establishment and growth will be better if soils are
limed to correct the pH to neutral (Jung et al, 1988).
Thus, switchgrass is a good candidate for biomass production on marginal lands
due to its hardiness in poor soil and climate conditions, rapid growth, and low
fertilization and herbicide requirements
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Cultivation technology
Primary tillage provides maximum killing of weeds in autumn and includes
stubble breaking and ploughing followed by convenient treatment. In early spring, the
field is harrowed to preserve moisture. Seedbed preparation has to be done and to a
depth of 1-2 cm (Hanzhenko 2014).
Before sowing, it is recommended to determine the sowing quality of the seeds.
In the case of low laboratory seed germination, the methods of awakening the seeds
from the dormancy should be used. To this end, vernalization of seed is
recommended. Without a dormancy-breaking step in the planting process, as few as
five percent of the seeds may germinate (Rinehart, 2006).
Seeding must be carried out when average soil temperature at a depth of 10 cm
reaches 12-15 °C. The seed can be sown using normal small seed drills or cereal
drills fitted with fine seed rolls. Seed depth should not be more than 1 cm. The
number of plants established can be up to 400 plants per 1 m 2 (up to 4 million per
hectare) (Vogel, 1987). Cultipacking after planting helps establish good contact with
soil and speeds germination (Renz et. Al. 2009)
At the first vegetation year, main attention must be devoted to weeds control.
Weed competition is a major cause of seedling establishment failure (Moser and
Vogel, 1995). It is important to reduce weeds prior to planting. Pre-emergence
herbicides are often used to reduce weed competition when switchgrass is not
competitive. There are no herbicides approved for use in switchgrass in Europe, but
simazine and atrazine will effectively control weeds even in young crops.
Switchgrass should be harvested with conventional haying equipment after the
top growth has completely died back. This will occur from mid- to late October in
most regions. Moisture should be 15 percent or less to facilitate quick baling and
transport, and to ensure a higher quality feedstock. Be sure to leave about a 6-inch
stubble after harvest. Forage research has shown that leaving stubble helps to trap
snow, thereby protecting the root crowns from winterkill (Rinehart 2006).
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8.11. COLUMBUS GRASS
(Sorghum × almum)
Botanical description
Columbus grass (Sorghum× almum) is
a hybrid resulted from the natural crosspollination of Johnson grass (Sorghum
halepense) with cultural species (Sorghum
bicolor) (Hacker 1992). After that,
Columbus grass spread widely in tropical,
subtropical and even temperate climate
regions of Africa, USA, Australia, India,
Japan, Canada, etc.
Plants of Columbus can reach from 3
to 4.5 m in height (Cook et al. 2005). Its
fibrous root system is well developed and
capable of reaching 2 meters into depth,
but 75-80% of its roots are located in the
soil layer of 0-60 cm. The total length of
the roots of a plant in the first year of
vegetation can reach 15,000 m, and in the
following years up to 18,000 m. From the
root collar to a depth of 25 to 40 cm,
rhizomes containing renewal buds branch
off. Roots are not cold-resistant: at -3°C,
75% renewal buds die, and at -9 °C all the
Scientific classification
renewal buds die. However, due to their
Kingdom:
Plantae
deep occurrence in the ground, frost killing
(unranked):
Angiosperms
under the conditions of Western and
Southern Europe is unlikely. In Ukraine,
(unranked):
Monocots
growing Columbus grass is only possible in
(unranked):
Commelinids
the foothills of Crimea (Melnikov 1999).
Order:
Poales
Columbus
grass
has
truss
Family:
Poaceae
inflorescence brush of 40-45 cm long.
Genus:
Sorghum
Seed heads are pyramid-shaped panicles
containing yellowish brown seeds, each 2.5
Species:
S. almum
to 4.0 mm long. There are approximately
148,000 seeds in one kilogram. 1000-kernel weight ranges from 8.5 to 9.0 g.
On the first and subsequent years of life perennial sorghum forms bushes of 2-4
shoots up to 3 m in height. Leafiness of a plant reaches 40 % and more. Leaves of
Columbus grass have a high degree of adaptation to the lighting conditions. As a
consequence, not more than 6% of the light reaches the soil surface.
Production
Columbus grass is a short- term perennial. It can grow from 6 to 7 years or more
at one place, and its biological longevity is up to 15 years. The productivity of the
crops of the first year under semi-arid conditions (250 mm/year rainfall), in terms of
air-dry mass amounts to 3.25 t/ha, which is higher than that of other semidesert
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fodder crops. In the second and subsequent years, the accumulation of biomass is
very fast, and the first harvesting can be done at the end of May (it is also possibly to
harvest aftercrop). The productivity is from 6.0 to 6.5 ton of dry matter per hectare at
350 - 400 mm of rainfall per year.
Growing conditions
Optimal growing conditions are an annual rainfall ranging from 460 to 760 mm,
average day temperatures between 15 °C and 22 °C, on fertile, well-drained loamy
soils or heavy clays, with soil pH ranging from 5 to 8.5. Columbus grass may
withstand drought periods but has no tolerance of waterlogging or flooding (FAO
2010, Cook et al. 2005). Its growth is impaired below 15 °C but it can survive mild
frosts if the stand is well established (Cook et al. 2005). Columbus grass is also one
of the most salt-tolerant grasses, comparable to Chloris gayana, Panicum coloratum,
Pennisetum clandestinum and Digitaria eriantha (FAO 2010). Columbus grass well
adapts in stony soils. It can be successfully used to combat soil erosion on the
slopes. And it showed good results when grown in saline soils. For its positive
qualities (perennial, aftermath, drought-resistant, unpretentious, well-adapted to the
adverse conditions of dry steppe), Columbus grass is a good energy plant which can
be grown on marginal lands of Southern Europe.
Cultivation technology
It is advisable to sow Columbus grass after early grain crops when the soil warms
up to 15°C, usually from late April to mid-May. When sowing Columbus grass in
autumn (before winter) or in winter, first sprouts appear in late April, but at that time
field becomes heavily overgrown with weeds. The best timing of sowing considered
to be late April – early May, when the soil warms up to 10-12°C at a depth of 6-8 cm.
(Melnikov 1999). Field germination of seeds makes 75-80%. Seeds of Columbus
grass capable germinate out of the depth of 18-20 cm, but the optimum planting
depth is about 6 cm.
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8.12. REED CANARY GRASS
(Phalaris arundinacea L.)

Scientific classification
Kingdom:
Plantae
(unranked):
Angiosperms
(unranked):
Monocots
(unranked):
Commelinids
Order:
Poales
Family:
Poaceae
Genus:
Phalaris
Species:
P. arundinacea

Botanical description
Reed canary grass is an up-river
rhizomatous tall grass. Its area of
distribution includes moderate areas of
Europe, Asia and North America, including
northern Missouri.
It has long well-branched rhizomes
located horizontally in the upper soil layer
of 0-14 cm. The fibrous root system
penetrates the soil to 2.5-3.0 m. The stem
is erect, rounded, smooth, slightly swollen
at the nodes, well-leafed resistant to
lodging up to 180-250 cm tall. The leaves
are flat, broad, elongated and sharp,
slightly scabrous, green, sometimes with a
touch of blue, rough edges, 25-28 cm long
and 8-15 mm wide. The inflorescence is
elongated, spicate, loose panicle of green /
anthocyanin, yellowish / pale brown
coloration 20 cm long. The fruit type is
caryopsis that is flattened, oblong-ovoid in
the shape, shiny, light brown. 1000-kernel
weight is 0.8-1.0 g. The plant follows winter
type of development. It starts fruiting on the
2nd year. Flowering falls on June and
maturing on July-August. It is a wind-crosspollinated plant. (Fursova, 2008; Sliusar,
2001; Waggy, 2010.).

Production
High-yielding perennial reed canary
grass on marginal soils provides 4.0-7.0 t/h
of dry biomass and 10.0-12.0 t/ha on fertile soil. After mowing, it grows well. During
the season, 2 to 3 hay harvests are possible. Reed canary grass is a short- term
perennial crop. One plantation can be used for 6 years. It can grow on low-productive
soils but positively responds to provision with mineral nutrition. Thus, on the average
of four 4 years, introducing of N60P60 resulted in dry biomass yield of 6.4 t/ha,
N60P60K60 – 8.7 t/ha, and N60P60K90 – 11 t/ha. (Fursova, 2008).
Growing conditions
Reed canary grass is a water-loving herbaceous plant that grows in waterlogged
soils and flood plain, but can tolerate drought. It can withstand a prolonged flood
(from 45 to 50 days). It is resistant to lodging and frost in spring (from -4 to -6 °C)
and autumn (from -5 to - 6 °C) (Weinmann, 1984).
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In spring, reed canary grass starts growing at the temperature from 1 to 3 °C,
somewhat earlier than other perennial grasses. It is not pretentious to heat at the
beginning and end of the growing season, but for the lack of heat in the summer
there is a delay in growth and development of plants. Spring and autumn frost to -5
°C do not damage the growth point. Reed canary grass weakly responses to day
length and light and can grow in shaded areas.
Reed canary grass usually grows in Polissia and Forest-Steppe zone on the wet
and fertile soil. The most suitable for its cultivation are cultivated floodplains and
peatlands. It does not tolerate saline soils.
Given that reed canary grass is a rhizomatous grass plant forming a large
number of mature seeds it can be attributed to the invasive plant species.
Cultivation technology
Reed canary grass has to be sown in spring; therefore an autumn ploughing to a
depth of 25 - 32 cm is crucial. Fertilization shall be performed both before sowing in
one go with ploughing / seedbed preparation and during vegetation. Pre-sowing
treatment shall include hot-air heating. Seeds shall be thoroughly cleaned. If this was
not done in the autumn, then it is necessary to do 1-2 months before sowing. Seeds
should not contain seeds of weeds and quarantine plant.
Reed canary grass should be sown in April - early May in rows spaced 7.5 to 15
cm at the seeding rate of 6 kg/ha. The field before sowing should be carefully levelled
and treated into the desired depth using sharp arrow-like subsurface claw-razors.
The depth of treatment should be 1.5 - 2 cm greater than the depth of sowing.
Sowing has to be carried out with grain-grass drills to a depth of 1-2 cm. It is
advisable to compact the soil in one go with drilling by mounting the rollers on the
drill.
Harvesting (mowing) should be carried out using light harvesters. Green or dry
biomass should be transported from the site using lightweight wheeled tractors and
trailers. The plants have to be well-prepared for winter, i.e. accumulate enough
plastic substances in the upper part of the root system and lower parts of the shoots.

60

8.13. SIDA
(Sida hermaphrodita)
Botanical description
Sida hermaphrodita is a polycarpic
perennial herb native to North America.
(Titei 2015). Virginia Mallow (Sida
hermaphrodita) is a tall herbaceous
perennial that can reach a height of one to
three metres. The leaves, which are
arranged alternately along the stem, have
three to seven pointed, irregularly toothed
lobes that resemble maple leaves. The
central
lobe
of
each
leaf
is
characteristically elongated. Stems of
Virginia Mallow plants may have small
star-shaped hairs when young but become
smooth as they age (Gleason and
Cronquist 1991). White flowers bloom in
stalked clusters from the upper leaf axils
(Spooner et al. 1985). The flowers are
‘perfect’ (i.e., have both male and female
parts) and have five petals, each about
eight mm long (Gleason and Cronquist
Scientific classification
1991).
Kingdom:
Plantae
Virginia Mallow emerges from the soil
(unranked):
Angiosperms
in late April or early May, from buds at the
(unranked):
Eudicots
base of the previous year's stems
(Spooner et al. 1985). Plants can also
(unranked):
Rosids
produce large numbers of rhizomes, and
Order:
Malvales
many populations appear to be clonal.
Family:
Malvaceae
This makes the number of individuals in a
Genus:
Sida
population difficult to discern.
Plants begin flowering in early August
Species:
S. hermaphrodita
and continue until a hard frost (Spooner et
al. 1985). Flowers of the closely related Glade Mallow (Napaea dioica) were
pollinated mostly by insects in the orders Hymenoptera (ants, bees, and wasps),
Diptera (flies) and Hemiptera (true bugs) (Iltis 1963). Fruiting generally occurs in
September and October (NatureServe 2009).
Production
All forms and varieties of sida can be grown in one place for 15 to 20 years,
forming perennial plantations (Krzaczek et al. 2006). Due to the forming a strong root
system, sida is suitable for fixing slopes, ravines, and sandy areas.
During the first year of the ontogenetic development, individual organs of the
perennial plant body are being formed. Despite this, sida manages to generate a
significant amount of above-ground mass, especially starting from the stage of stem
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formation to budding. During these stages under the conditions of Ukraine, it
produces more than 7 t/ha of biomass (Rakhmetov J. 2011).
At this stage, the plants finish their development in the first year of cultivation. On
the second and subsequent years, the yield of aboveground mass significantly
increases in all the development stages and reaches a maximum in the fruiting stage.
In Europe, under the conditions of sufficient moisture, the yield of Sida
hermaphrodita constitutes in the first year 28.3 t/ha natural fodder or 6.2 t/ha dry
matter and the following years 103.8-119.5 t/ha natural fodder or 22.6-24.4 t/ha dry
matter (Titei 2015).
Dry stems can be harvested in winter with technical means of fodder collection
and used to produce briquettes and pellets, the gross calorific value of about 18.7
MJ/kg dry mass or about 350 GJ/ha, ash content in briquettes is 1.5% (Titei 2015).
Growing conditions
In nature, sida grows well in poor conditions, e.g. in flooded river banks,
roadsides, and even on sandy rocky soil (Titei 2015). The range of pH and organic
matter content do not affect the plant significantly (Spooner et al. 1985).
Cold and dry conditions during spring may constrain seeds germination and
development of new stems. Sida can survive without any problems under temporary
lack of water and severe frost (-35 °C) in winter.
It was shown that the cultivation of Sida hermaphrodita for three years in the
sewage sludge has caused positive changes in the structure of the sewage sludge
since the plants had absorbed cobalt, iron, and nickel (Borkowska and Wardzinska
2003). Sida hermaphrodita can be grown on the slopes. Longevity of sida
plantations, simple cultivation and a wide adaptation capacity under a variety of
climatic and soil conditions indicate the potential use of this species as a raw material
for bioenergy (Borkowska and Styk 2006)
Cultivation technology
Being a crop of high biological activity, sida makes a positive effect on
agricultural, chemical and biological properties of the soil and promotes the growth,
development, and productivity of subsequent crops.
Long-term cultivation of sida begins with stubble breaking (Rakhmetov J. 2011).
Two-time shallow ploughing to a depth of 8-10 cm using disk stubble-breakers and
disk harrows ensure good weed control effect. Autumn ploughing should be carried
out in September and October to a depth of 25-27 cm. Seedbed preparation is
carried out in Autumn or early spring, depending on the time of sowing. When sowing
occurred in autumn, ploughing should be carried out as soon as possible. Seedbed
preparation is carried out to a depth of 4-5 cm. When sowing in early spring, seedbed
preparation starts immediately after soil maturation completed. The optimal timing for
sowing in autumn is 2-3 weeks before the onset of hard frost. In such a way the
seeds will not produce seedlings in the first year. During the autumn-winter period,
the seeds in the soil undergo natural stratification and with warming coming in early
spring produce good and even sprouts. The mass sprouts appear 20-25 days earlier
when sown in autumn if compared with spring. For spring sowing seeds need to be
stratified.
Perennial sida grows better as a row crop with wide row spacing of 45 cm or 70
cm. The optimum seeding rate must be 5 to 6 kg/ha for 45 cm rows and 3-4 kg/ha for
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70 cm. The depth of seeding on heavy soils should be 1-2 cm, on average 2-3 cm,
and on soils of light texture 4 cm. After planting, pre-emergence and post-emergence
harrowing with light harrows should be carried out (Rakhmetov J. 2011).
The first inter-row cultivation is carried out in the stage of 4-6 true leaves to a
depth of 4-5 cm and the second in the stem formation stage to a depth of 6-8 cm.
In the second and subsequent years of cultivation, tending crops is quite simple.
Early spring harrowing should be carried out. At the beginning of regrowth (the
beginning of stem formation stage) at the plant height of 15-20 cm nitrogen fertilizer
at the rate of 45-60 kg / ha should be applied between rows along with loosening soil
(Rakhmetov J. 2011).
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8.14. JERUSALEM ARTICHOKE
(Helianthus tuberosus L.)

Scientific classification
Kingdom:
Plantae
(unranked):
Angiosperms
(unranked):
Eudicots
(unranked):
Asterids
Order:
Asterales
Family:
Asteraceae
Tribe:
Heliantheae
Genus:
Helianthus
Species:
H. tuberosus

Botanical description
Jerusalem artichoke (sunroot) is a
perennial plant of about 6 m in height
(sometimes 4 m) with erect downy stem,
ovate leaves and yellow inflorescencesbaskets 6-10 cm in diameter, each
consisting of 10-20 flowers. Leaves are
paired on the bottom of the plant and
alternate at the top. Underground shoots
produce underground lateral shoots
(stolons), which, due to the plastic
substances content become thicker at the
ends and transform into cylindrical, pearlike or round shape tubers with bulging
buds of white, yellow, purple or pink colour
(depending on variety) 7.5-10 cm long and
3-5 cm in diameter (Huxley 1992). Tubers
are covered with thin skin without a cortical
layer, which, like in potato, provides
protection from mechanical damage and
decay. The flesh is tender, juicy with a
pleasant sweet taste. The maximum height
increment is observed at the beginning of
the tuber formation stage (July-August).
The fruit is conical achene, consisting of a
pericarp and a seed. The weight of 1000
seeds ranges from 7 to 9 g. Taproot
penetrates to a depth of 2 m. The wild form
of the plant is found in North America.

Production
Sunroot tubers contain up to 20% of
inulin and 4.5% of sugar, which makes this
plant one of the leading energy crops (Baker et al. 1990, Gunnarsson 2014). The
average yield of alcohol from 1 t of sunroot tubers is 80-90 dm3, i.e. the same as of
potatoe (Lopushniak 2011). However, due to the high yield and much lower
production costs, the cost price of ethanol from sunroot is much lower than from
potatoes or grain. The aboveground mass is also suitable for the production of
bioethanol with the alcohol output 5% and more (Reynhart 2008). Thus, the whole
plant can be utilised for bioethanol production (Kim et al. 2013). The overall ethanol
yield from 1 hectare of sunroot is 1.8-3.1 tonnes (Bajpai 1991). According to another
data, a tuber yield of 30 t/ha and 40 t/ha of stems together ensure ethanol yield of
over 4.5 t/ha (Dubkovetskyj 2006).
Aboveground dry biomass of sunroot contains cellulose up to 8.8 t/ha and
hemicellulose 4.6 t/ha, which makes this plant promising for the production of solid
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biofuel (Gunnarsson et al. 2014). Aboveground parts can also be used to produce
biogas (Gunnarson et al, 1985, Tuck et al., 2006). Thus, sunroot is a versatile crop
producing feedstock for the production of bioethanol, biogas and solid biofuels
(Johansson et al. 2015).
Growing conditions
Jerusalem artichoke is able to produce high yields of biomass on poor marginal
soils where other crops growing economically unfeasible, while it does not require
significant costs for fertilizers and chemical protective equipment (Gunnarson et al.
1985; Canadian Forestry Service in 2006, Yang 2015).
Sunroot reproduces by tubers. During summer, it passes and completes the
biological cycle of development as an annual plant. In nature, it can grow as
monoculture over decades in the same place. However, the yield of tubers and green
biomass decreases (Dubkovetskyj 2006).
Plants absorb moisture from the deeper layers of the soil and can withstand shortterm drought. High temperatures do not cause degeneration of tubers. Plants can
tolerate an annual precipitation ranging from 31 to 282 cm, with a suitable average
temperature range of 6.3-26.6 °C, and pH of 4.5-8.2 (Kays and Nottingham 2007).
Sunroot is characterized by high winter hardiness. Tubers can withstand lowering
the temperature to -40 °C (Reynhart 2008). The growth of tuber starts at the soil
temperature of 5-6 °C, but better and more even germination begins at 8-10 ° C.
Cultivation technology
Soil treatment for sunroot is the same as for potatoes and root vegetables. After
stubble breaking autumn ploughing to a depth of 23-25 cm has to be done. In spring,
when soil is ready harrowing is carried out. Prior to planting field has to be treated
with a cultivator to a planting depth.
Jerusalem artichoke is usually planted in spring. In the southern region, if not
heavy soil, planting can be done and in autumn. The rows should be 75 cm apart
and the plants should be 33 cm apart in their row. The desired crop density is 38,000
to 40,000 plants to the hectare (Duke in 1983, Bassam 2010). In humid areas, on the
fertile soils, crop density may be 50,000 to 60,000, on the medium-fertility 40,000 to
45,000. In dry areas, the crop density should be reduced to 30,000-35,000. For
planting tubers of 40-50 g are used. In the southern regions, large tubers can be cut
in half or into more pieces before planting. Planting is usually carried out using a
potato planter, and in small areas by hand in the furrows made by a hiller. The depth
of planting on medium particle size soil should not exceed 6-8 cm, while on light soil
up to 15 cm (Yang et al. 2015).
Seedlings appear only after 3-4 weeks, so weed control is carried out (preemergence harrowing). When plant height reaches 10-15 cm, inter-row hoeing is
needed, and then hilling at the height of 30-40 cm. Chemical treatment can be
skipped, for the Jerusalem artichoke develops rapidly and shades weeds (Baker et
al., 1990). In addition, it is not afraid of pests and not susceptible to diseases.
In southern regions, green mass is mown in October - early November and in the
northern areas at the end of September. Self-propelled foragers are used to harvest
green mass.
On the second and subsequent years, tillers appear somewhat earlier than in the
first year, but they are less good and even.
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8.15. CUP PLANT
(Silphium perfoliatum L.)

Scientific classification
Kingdom:
Plantae
(unranked):
Angiosperms
(unranked):
Eudicots
(unranked):
Asterids
Order:
Asterales
Family:
Asteraceae
Tribe:
Heliantheae
Genus:
Silphium
Species:
S. perfoliatum

Botanical description
Cup plant has a well-developed root
system of mixed type, consisting of thick
rhizomes and flexible roots that penetrate
to a depth of 2 m. Horizontal nodulous
roots located at a depth of 6-8 cm grow
recovery buds of which powerful shoots
grow in spring. The bulk of the roots (7580%) are located in the arable 30-cm soil
layer. In the first year, the plant forms its
root system and rosettes of large leaves,
thus the aboveground part grows very
slowly. The stems develop only in the
second and subsequent years of growth
(Figas et al. 2015). The stems are erect,
quadrangular, downy, branched on the top,
light green, and well-leafed. The diameter
of the stem at the base is 15-20 mm and
height 2.0-3.5 m. Along with aging, the
number of stems per plant increases from 8
to 20. Each stem has 8-12 internodes,
located at a distance of 20-30 cm. The
leaves are large, elongated-elliptical,
arranged in pairs. The leaf plate is deltoid
or wide-oval, dentate, 35 cm long and 25
cm wide, holds water well (Kindscher
1987). Cup plant flowers in late summer for
40-50 days. The flowers consist of many
basket inflorescences of 3-5 cm in
diameter. The flowers are located on the
top of the branched flowering shoot (Hunter
1984). The average weight of 1000 seeds
is 18-25 g (Rahmetov 2011).

Production
Cup plant is a perennial crop that can
produce high yields of biomass for 10-15
years. In the first year of vegetation, cup plant does not produce high yields,
therefore harvesting of biomass is advisable to begin in the second year of
cultivation. Under favourable conditions, the yield of green biomass in the first year of
growth can reach 39 t/ha. The high yield of green biomass (more than 100 t/ha) on
the second and subsequent years of vegetation can be obtained under the sufficient
moisture. With irrigation plant productivity is higher (4.41 g/plant) (Figas et al. 2015).
The growth of the biomass occurs before the start of mass flowering, which occurs
within 95-105 days after the start of regrowth pointing to the late ripeness of the crop.
The green mass yield makes up 50-60 t/ha in the budding stage, 70-80 t/ha in the
flowering stage, and 90-110 t/ha in fruiting stage. For long-term growing, cup plant
plantations produce 19-31 t/ha of dry mass (Rahmetov 2011).
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Growing conditions
Cup plant vegetates in the temperature range from 5 to 40 °C. Its seeds
germinate at 4-5 °C, but under such conditions, the shoots are individual and weak.
Optimal for seed germination soil temperature (at a depth of seeding) is 10-12 °C.
Plant growth starts at the average air temperature of 5 °C and higher. Plants are
characterized by high resistance to cold and can tolerate spring frosts to -5 °C.
Autumn vegetation stops at the reducing average daily temperatures below 5 °C.
Plants are able to withstand low temperatures (up to -35 °C) in winter (Todorova
2007).
Cup plant is attributed to plants of the long light day and is very demanding to the
light intensity. Under natural conditions, it occupies the first tier of high-grass
populations. For lack of light, the plants become severely depressed, especially in the
first year.
Cup plant is able to grow well in wet areas with close groundwater table and can
withstand 10-15 daily flooding. However, it is adapted to the environment of
temperate moisture and due to the well-developed root system, the plant does not
suffer from short-term drought. In the first year of cultivation, to form 1 kg of green
mass plant requires 143 kg of water. In the subsequent years, this figure drops to 66
kg, which indicates efficient utilization of water by plants.
When sufficient moisture provided, cup plant is able to generate high yields of
biomass on any type of marginal lands (except salt licks, salt marshes, and
wetlands). The crop can be cultivated in flooded soils, low marsh and meadow areas
with high groundwater table. The plant is sensitive to the reaction of the soil
environment; a neutral or slightly acidic reaction of soil solution (pH 5.5-7.5) is
optimal for it. Alkaline or acidic soils inhibit the development of roots as well as
above-ground organs. Cup plant has a high ability to absorb nutrients and responds
positively to fertilization.
Cultivation technology
Soil treatment for cup plant involves breaking stubble, application of the
phosphorus-potassium fertilizer, and deep ploughing. After that, maintaining
cultivation should be carried out to keep the field clean of weeds. Sowing can be
carried out either in autumn or spring. In northern Europe autumn, sowing prevails,
while in the southern regions sowing is usually carried out in spring, because there is
a risk of seeds to germinate if the winter is warm. Seeds are sown in wide spaced
rows of 50-75 cm. The optimal stand density is 80,000 per ha. On heavy soils, the
seeds should be sown to a depth of 1.5-2 cm, while on the light soils to 3-4 cm with
the seeding rate is 12-15 kg/ha (Rahmetov 2011, Fedorenko 2009).
In the first year, cup plant requires careful maintenance, as the aboveground
mass of plants grows slowly and may be suppressed by weeds. Therefore, after the
emergence, rows must be loosened and herbicides applied. In the second and
subsequent years of cultivation, plantation do not require maintenance. Single
loosening or fertilization may be an option (Todorova 2007).
Biomass is harvested using conventional forage harvesters. Green mass
purposed for silage and subsequent use at biogas plants should be collected in the
flowering stage when the plants contain enough sugar for silage (Courad, 2010).
Cutting is carried out at a height of 10-15 cm, which promotes active regrowth of
plants and allows two harvestings in one the season (Todorova 2007).
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8.16. GIANT KNOTWEED
(Fallopia sachalinensis)
Botanical description
Polygonum sachalinensis (also known
as Fallopia sachalinensis) is a member of
the buckwheat family. Giant knotweed is
the biggest of the three invasive
knotweeds. The plant has strong smooth
stems 5 cm in diameter. The stems are
hollow light green, resembling the canes of
bamboo, and sparingly branched. The
leaves are 15–40 cm long, with a deeply
heart-shaped base and a blunt leaf tip.
Knotweed is a C3 perennial shrub that
occurs in many varieties. Although
knotweed has its origins in East Asia, it is
often found growing naturally in meadows
around rivers or on the banks of streams
and creeks. It was originally brought to
Europe as a fodder crop from East Asia
around the middle of the nineteenth
Scientific classification
Kingdom:
Plantae
(unranked): Angiosperms
(unranked): Eudicots
(unranked): Core eudicots
Order:
Caryophyllales
Family:
Polygonaceae
Genus:
Fallopia
Species:
F. sachalinensis

century. The plant grows to a height of 2–
5 m, depending on the variety
(Kowalewski and Herger 1992). The
flowering of the plant takes place from
September to October. The underground
biomass consists of a rhizome network,
with finer roots developing from the
rhizomes (Jisaburo 1965). The panicles
are dense, up to 10cm long, and fruits are
4–5mm long.

Production
Knotweed is a very high-yielding crop.
In Germany, harvests of the entire plant in August and September have provided dry
matter yields of 20 to 30 t/ha, while harvests in the winter, after the leaves have fallen
off, have produced dry matter yields of 8 to 10 t/ha (Bassam 2010). Above-ground
yields on the island of Sakhalin in Russia have been as high as 27.2 t/ha, with 10.5
t/ha of below-ground matter (Morozov, 1979). In northern Japan, above-ground yields
of 11.9 t/ha have been seen (Iwaki et al, 1964). Other investigations indicate that the
average yield amounts to 12 t/ha dry matter (Salter, 2006).
The maximum biomass yield can be attained when harvested in autumn (stems
with leaves). When harvesting in winter, the yield will be lower, however, the moisture
content will be lower too. Dry plants (stems) are of a woody nature and they could be
converted to a wide variety of biofuels. Dry biomass of giant knotweed has calorific
value of 17.2 MJ/kg (Vetter and Wurl 1994)
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Growing conditions
Giant knotweed grows in a variety of soil types, including loams, silts, and sand.
The plant is able to grow well through a wide pH range (4–8), but a pH value of about
7 is recommended. (Shaw and Seiger 2002). They do not like shade, preferring open,
exposed sites with full sun. They thrive on moist, disturbed sites, and thus are often
associated with canals, ditches, stream banks, lakeshores and beaches (Beerling et
al. 1994).
For large yields, it is important that the crop receives sufficient irrigation and
fertilization, especially if it is to be grown in an area with low levels of precipitation
and low soil nutrient content. The giant knotweed has an advantage in that the strong
root system often enables the plant to obtain sufficient nutrients and water from the
soil even during dry years.
Even giant knotweed can grow under the conditions of insufficient moisture and
nutrients, the best productivity can be attained at the high most soil moisture and
highest nitrogen content (Kowalewski and Herger 1992).
Research has shown that knotweed is able to absorb and store high amounts of
heavy metals such as lead and cadmium. Selective breeding and cultivation of plants
are under way to enhance this trait. It is believed that these plants could save and
restore soil that is not usable as a result of toxic metal contamination. On a
contaminated field, the plants would be harvested two or three times a year; then the
rhizome and root system would be removed after two years (Haase, 1988).
Cultivation technology
Giant knotweed propagation is most commonly performed using seedlings or
rhizomes (Herger et al, 1990). The seeds have low germination. To stop the
dormancy period seeds taken from the plant have to be stored for about 14 days in
the refrigerator at 1°C (Bradford, 2005). After that, the seeds would be planted in a
pot containing well-fertilized, nitrogen-rich soil. The pots with seeds are stored at
20°C during the day (16 hours) and at 10°C during the night (8 hours) until the
seedlings reach a height of about 5 cm. After that, the seedlings have to be replanted
in big pots in a greenhouse under long day conditions. By the beginning of May, they
should have reached a height of about 60cm and are ready for planting into the soil
(Bassam 2010).
The seedlings are taken to the soil in the middle of spring (early May) by a
seedling planter at densities between 1 plant per 75cm 2 and 1 plant per 1 m2 (Herger
et al, 1990).
Along with planting, a layer of mulch should also be placed on the field to help
prevent weeds. Weed removal will be necessary primarily in the first year; once the
crop reaches maturity it usually crowds out weeds. Any removal of weeds in the first
year should be done by hand because heavy machinery may damage the developing
rhizome bed (Bassam 2010).
Plant propagation using rhizomes has not been as successful as with seedlings.
Test plots using rhizomes have not shown uniform growth of the plants throughout
the plots. This makes the biggest obstacle for growing giant knotweed on big plots.
Field observations have shown that knotweed is not significantly affected by the
disease, but knotweed seedlings and younger plants have shown to be attacked by
rabbits and the black bean aphid (Aphis fabae) (Herger et al, 1990).
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Because knotweed is a perennial plant, there is no need to establish a crop
rotation. Its rhizomes mean that care should be taken to remove all residues of the
knotweed crop before a different crop is planted, otherwise knotweed may appear in
the new crop (Bassam 2010).
If heavy machinery is used during the harvest, care should be taken to avoid
damaging the underground rhizome system of the crop. This is most important during
the first year, at which time it is best to harvest the crop by hand to prevent excessive
rhizome damage. Starting with the second year, machinery such as a corn harvester
can be used for the harvest. In addition, there is also the possibility of harvesting the
crop more than once per year, in which case the successive harvests should be at
least four weeks apart (Herger et al, 1990).
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8.17. GIANT REED
(Arundo donax L.)
Botanical description
Giant reed (Arundo donax) is a
rhizomatous, tall grass occurring along the
water basin banks, mostly on the light
sandy and sandy loam soils in tropical and
subtropical areas of Eurasia and Africa.
The genus includes three closely related
species, one of which is endemic in
Taiwan (China), the second is found in the
Mediterranean, and the third one, Arundo
donax L., in tropical and subtropical
Eurasia and Africa, in the territory of
Russia and, has a very significant
ornamental value (Xi 2000, Bassam 2010).
Plants of giant reed grow as bushes
with 1.5-4 m tall stems. A stem is up to 4
cm in diameter, erect, smooth, with
numerous, almost evenly spaced nodes.
The rhizomes are long and thick. The leaf
blades are 2.5 to 6 cm wide and 60 cm
long, linear-lanceolate, smooth or slightly
Scientific classification
rough around the edges, rising, drooping
Kingdom:
Plantae
on the top, gray-green, with short lingulae.
(unranked): Angiosperms
Panicles of 30-70 cm long are very thick,
(unranked): Monocots
erect, sometimes drooping, reddish at the
opening,
and
then
silver-gray.
(unranked): Commelinids
Inflorescence axis and its branches are
Order:
Poales
rough, spikelets are 8 - 12 mm long, with
Family:
Poaceae
three to five flowers. Glumes are
Subfamily: Arundinoideae
lanceolate sharp, and glare. Lower glumes
Tribe:
Arundineae
are lanceolate with a broad base, spinous
or beardless. It flowers from September to
Genus:
Arundo
November. The species is Frost-resisting
Species:
A. donax
to -18 °C. The chromosome set is 2n = 60,
110. Flowering occurs in autumn (Hoshovsky 1996).
Production
Giant reed is a high-yielding long grass with the yield on marginal soils of about
20 t/ha. In Southern Italy, the average dry biomass yield of giant reed on the second
year of growth makes up 22.1 t/ha. Other authors indicate a yield of 22.5 t/ha in
Spain and 19.0 t/ha in Southern Greece. The yield depends on annual precipitation
(Cosentino et al. 2006). Under dry conditions (300 mm/year), the biomass yield was
29.6 t/ha, while under sufficient rainfall (700 mm/year) it was 32.6 t/ha (Dalianis
1995). According to other data, the yield of dry biomass of giant reed in southern
France is 20-25 t/ha (Toblez, 1940), while in northern Italy 35 t/ha (Matzke 1988,
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Dalianis 1995; Jodice 1995b; Morgana and Sardo, 1995). It should be emphasized
that these high yields were obtained from wild populations. Giant reed is a quite
promising crop for biofuel because the calorific value of its biomass is 17 MJ/kg
(Angelini, 2005). Studies conducted in the European Union identified the giant reed
as one of the most productive crops for biofuel (Owen, 2001). This indicates the great
potential of this plant biomass for the future.
Growing conditions
Giant reed can grow on almost any type of soil from very light to very moist and
dense. However, the best conditions are sandy and peat soils where the groundwater
level is high enough. It can well tolerate flooding water. Although giant cane can be
grown without irrigation in the semi-dry area of southern Europe, the yield of biomass
will be reduced (Dalianis 1995). Giant reed prefers neutral soil acidity. In spring, it
starts growing at the temperature of 7 °C that is earlier than other perennial grasses
(Spencer, 2006). It is able of enduring short-term lowering temperature from -18 to 23 °C but does not tolerate spring frosts during vegetation. Given the C3 type of
photosynthesis, the maximum temperature at which photosynthesis occurs is 30 °C.
However, it has high photosynthetic capacity compared with other C3 and C4-plants.
The maximum absorption of CO2 varies between 19.8 and 36.7 mmol m 2/s,
depending on the light intensity and age of leaves (Rossa, 1998). Reed giant
responds well to the length of day and light, that is why it grows in sunny places.
The most suitable for giant reed cultivation places are cultivated peatlands and
floodplains. Given the fact that giant reed is a rhizome grass plant, which does not
produce mature seeds, it can be attributed to non-invasive plant species.
Cultivation technology
Giant reed propagates mainly in a vegetative way by rhizomes or cuttings of the
bottom of the stem. The first method provides better establishment (Christou M,
2000). Primary tillage should be performed in autumn. Before ploughing, phosphorus
and potassium fertilizer (200 kg/ha) must be applied. Every year, up to 60 kg/ha of
nitrogen fertilizers should be scattered on the frozen ground. In the early spring,
conservation of moisture has to be carried out. Seedbed preparation should be
carried out prior to planting in two passes to a depth of 10-15 cm. Rhizomes of a
giant cane should be planted to a depth of 10-12 cm with a density per hectare of
12,500-25,000. In the early years of vegetation, giant reed responses well to
fertilization, especially to nitrogen. Due to the rapid growth of vegetative mass, weed
control is necessary only in the first year of vegetation. Diseases and pests do almost
not affect giant reed, so there is no need of applying pesticides.
For the plants to overwinter well, it is important to create favourable conditions for
growth and development in the first year of cultivation (Jodice, 1995).
Forage harvester harvests biomass in autumn and winter every year after the
second year of vegetation.
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8.18. COMMON REED
(Phragmites australis)
Botanical description
Common reed is a rhizomatous
perennial tall grass that grows along the
banks and canals, in the wetlands in
temperate and tropical regions. The genus
includes three closely related species: one
is found in Japan, Korea, Ryukyu Islands,
Far East of Russia, the second - in Africa,
South Asia, Australia and some Pacific
islands, and the third type in Africa,
Madagascar, Mauritius (Lambertini et al.
2006).
Common reed is a bush plant that
forms long creeping rhizomes up to 5 m.
The height of shoots ranges from 1.5 m to
5 m. The stem is erect, hollow in the
middle, round, 16 mm in diameter, naked
and
smooth.
The
leaves
placed
alternatively; the stem is covered with
leaves up to the top. The leaves are linearlanceolate, flattened, and rough with
sharply rough edges. Leaf plate colour
varies from light green to gray-green; the
length is 15 to 45 cm and the width 1 to 5
cm. It blooms from July to September. The
flowers are small, insignificant, collected in
large (10-30 cm long) paniculate
inflorescence. The panicles are dense,
downy, spread with the drooping tip during
the flowering period. The branches in a
panicle are sharply rough. The spikelets
(9-12 mm long) are dark brownish-purple,
sometimes yellowish. Linear-lanceolate
flattened laterally spikelet has 37 flowers. Glumes are lanceolate with unequal length,
shorter than flowers. The lower flowers in an inflorescence are staminate, while
others are monoecious. The flowers have two glumes, three stamens with purple
anthers and pistil with the seed-bud on the top and two short-pinnate dark red
stigmas. The bottom floral glumes at the top are extended in the long subulate tip,
which is 2-3 times longer than the glumes. The top floral glume is several times
shorter than the lower one, almost the entire length of spikelet’s axis is covered with
hairs. The fruit is oblong caryopsis. The number of chromosomes 2n = 48, 36, 54.
The plant propagates vegetatively (by rhizomes) or seeds that are spread by
wind or birds. The plants quickly form a network of underground rhizomes, which
enables them to capture a large area (Tothill and Hacker 1973; Kaltofen and
Schrader 1991).
Scientific classification
Kingdom:
Plantae
(unranked):
Angiosperms
(unranked):
Monocots
(unranked):
Commelinids
Order:
Poales
Family:
Poaceae
Subfamily:
Arundinoideae
Tribe:
Arundineae[1]
Genus:
Phragmites
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Production
Common reed can produce 5 to 43 t/ha of dry biomass, but the average yield is
about 15 t/ha (Hotz et al, 1989). In Sweden, the productivity of dry biomass is 7.5-10
t/ha (Björndahl 1983).
Among other herbaceous plants, common reed is usually considered a promising
source of renewable energy in several European countries as it grows naturally in
sufficient quantities in coastal areas and provides 3-15 t/ha of dry biomass per year.
In addition, the reed is fast growing the plant and a cheap source of energy.
In the swamps of Europe, about 7.5-13.0 t/ha of common reed grows every year
(Palz and Chartier, 1981). Biofuel pellets manufactured from reed have a moisture
content of 6.4%, energy content of 16.9 MJ/kg (dry mass), the ash content of 3.44%,
and chloride content of 1962 ppm. Thus, reed as a material for fuel pellet
manufacture is similar to switchgrass (Panicum virgatum), which is commonly
cultivated for that purpose and requires higher inputs than harvested wild reed
(Vaicekonyte 2014).
Growing conditions
Common reed can grow on almost any type of soil from very light to very moist
and dense soils. However, the best development occurs in light swampy flooded peat
soils. It can grow in acidic and saline soils (pH 4.8 - 8.2). Often forms thickets. It is a
shade-tolerant plant. During the growing season, it requires a large amount of
precipitation (from 750 to 3000 mm), taking into consideration seasonally wet places.
The most favourable temperature range is 30 to 35 °C with good sunlight (Skerman
and Riveros 1990).
The promising areas for cultivation of common reed in Ukraine can be moist and
fertile soil zones of Polissia and Forest-Steppe. The most suitable are cultivated
peatlands and floodplains. Given that the common reed is a rhizomatous grass plant
that generates mature seeds, it can be attributed to the invasive plant species.
Cultivation technology
Common reed mainly propagates with seeds, but the vegetative way by mother
rhizome division or cuttings from the bottom of the stem also is possible. The reed
well propagates itself on solar wetlands. It ensures good weed control, there is no
need for additional weed control. The plant is considered to be an invasive perennial,
so it does not require any rotation. Diseases and pests almost do not affect the plant,
so there is no need to use pesticides.
Biomass is harvested in the autumn and winter by forage harvester every year
following the second year of vegetation. Late harvesting (January-March) is
recommended, as this reduces the nutrient content in the reed biomass, especially
for potassium, and thus the nutrient removal. Best would be to harvest at late winter
when the soil or water is well frozen. In this case, there is no or only a minor risk of
destruction of the soil surface. For ground and surface water quality there is no
specific recommendation, except the prevention of pollution, e.g. oil leakage, during
the reed harvesting (Sluis et. al. 2013).
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8.19. CARDOON
(Cynara cardunculus L.)
Botanical description
Cardoon is a species that belongs to
the Asteraceae family (Compositae), which
also
includes
artichoke,
sunflower,
safflower
and
Jerusalem
artichoke.
Cardoon is a perennial grass species
growing 0.8 to 2.0 m tall, with deeply lobed
and heavily spined green to grey-green
tomentose (hairy or downy) leaves up to
50 cm long, with yellow spines up to 3.5
cm long (Sonnante 2007). The wild form
grows in the South Europe and Noth
Africa. Currently, it grows in many
countries of South America and Europe, in
particular in France and Italy (Foti et al.,
1999; Ierna and Mauromicale, 2010).
The leaves are very large (more than
50x35 cm), subcoriaceous and bright
green, pinnatifid, with toothed pinnatifid
segment, sometimes thorny, downy from
Scientific classification
the bottom, green or grey-green. The
Kingdom:
Plantae
leaves on the stem are alternate and
(unranked):
Angiosperms
sessile.
The flowers are collected in large
(unranked):
Eudicots
globose
capitula (up to 12 cm in diameter).
(unranked):
Asterids
The involucre is ball-shaped composed of
Order:
Asterales
multiserial fleshy in their base small leaves.
Family:
Asteraceae
Involucral bracts are ovate to elliptical,
gradually or abruptly narrowed into an
Tribe:
Cynareae
erectopatent spine (10-50x2-6 mm), which
Genus:
Cynara
can be either glaucescent or purplish.
Species:
C. cardunculus
Corona is tubular; it can be blue, lilac
or whitish in colour.
The fruit is big achene (6-8x3-4 mm), naked, flattened or quadrilateral, with cut
top, shiny and brown-spotted (Foti et al. 1999; Gominho et al. 2011). The pappus can
measure 25-40 mm.
Production
Recently, interest in cardoon crop has been growing, because it offers a wide
spectrum of different uses. It can be used in the production of lignocellulosic biomass
for the energy – solid biofuel for heating applications (Raccuia and Melilli 2004) or
power generation (Fernandez et al. 2006). The average annual biomass yield varies
from 15 to 20 ton of dry matter per hectare, depending on soil and rainfall, with a
moisture content of 10 – 15% at harvest (Gominho et al., 2009; Portis et al., 2010).
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Production is low during the first year but beginning with the second year
production rises, reaching a steady level during the second year, depending mainly
on weather conditions.
Aerial biomass production of cardoon depends mostly on water availability
during the active growing period (spring). For a 450mm average rainfall, distributed in
accordance with the Mediterranean climate pattern, the average yield of harvestable
biomass (dry matter) is estimated at approximately 20 t/ha. At harvesting time, the
moisture content of the biomass is rather low (10 to 15 %), because harvesting takes
place when the aerial biomass is dry.
Total biomass production can rise to 20–30 t/ha/year of dry matter, with 2–3 t of
seeds rich in oil (25 %) and protein (20 %).
The practice of large-scale cardoon production shows that this crop is suitable
for biomass production in Mediterranean regions (Gominho 2014). Many trials with
cardoon were carried out in Greece in the last decade showing that this crop may
produce 12 to 16 t d.m./ha under rainfed conditions depending on the winter and
spring rainfall. Biomass yields in excess of 25 t/ha are feasible under supplemental
irrigation, i.e. 2-3 applications in April-May, when water availability is higher
(Grammelis et. al. 2008).
The stems of the plant have the biggest calorific value (17.6 MJ/kg), while the
average calorific value of the whole plant is 16.7 MJ/kg (Bassam 2010).
Moisture content at harvest is very low and varies between 10 and 15 % and
yields in Mediterranean regions are around 20–30 t/ha/year of dry matter. This
material can be combusted to produce electricity and heat and has a heating value of
16.7MJ/kg (Bassam 2010).
The seeds comprise approximately 13 % of the total biomass of the whole plant
and are rich in valuable oils, which content reaches 25% (Foti et al. 1999) An
important characteristics of bio-diesel fuel produced of cardoon is its high cetane
number and the low pour point, which would be advantages for its use as an engine
fuel, either unmixed in indirect injection diesel or mixed with gasoil for use in normal
diesel engines.
Growing conditions
Thanks to its deep root system, cardoon is able to extract water and nutrients
from very deep soil zones and as a result, in non-watering conditions, using the
rainwater accumulated during autumn, winter and spring. For the good development
of the plants, rainfall during autumn, winter and spring months should be about 400
mm or more. With lower levels of precipitation, biomass production decreases
substantially.
Cardoon is quite sensitive to frost in the seedling state. Winter frost may have a
significant effect on the rosette’s leaves both in the first and successive years. It can
cause tears in the leaves; these leaves will die, but the plant remains alive,
recovering from harm as soon as the period of freezing is over.
This species requires light, deep and limy soils, with the capacity of retaining
winter and spring water in the subsoil (1–3 m).
Besides the obvious environmental benefits of using energy produced from
cardoon, cultivation of this crop has direct positive effects on the environment. Nitrate
pollution: Cardoon needs less nitrogen than many other crops. In many field
experiments, high biomass yields were attainable under fertilization dressings from 0
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up to 50 kg N/ha in shallow and poor soils. Thus, the modest fertilization dressings of
cardoon help controlling the nitrate pollution of surface and ground waters in
extensive areas where annual crops (cotton, maize, wheat, etc.) are intensively
cultivated (Grammelis et. al. 2008).
Cultivation technology
Before sowing cardoon, it is recommended that an adequate basal dressing be
applied, depending on soil fertility. Its deep and effective rooting system takes perfect
advantage of the soil’s inherent fertility so that the crop does not need but modest
nitrogen dressings only in very poor soils (Grammelis et. al. 2008).
Autumn sowing should be performed as soon as conditions allow (soil is moist
after rainfall) in order to let the plant develop the cold-hardy rosette before the first
frost (1–2 months, depending on growth speed). Once the seedlings have four
leaves, the plant's can bear decrease of the temperature to -5°С. Spring sowing is
recommended for those areas where the first autumn frosts are very early. In this
case, sowing can take place as soon as there is no more risk of frost.
Rows should be sown approximately 1m apart, though this distance may vary
according to the desired density. A pneumatic sowing drill can be used. Optimal final
density might be established with approximately 10,000 plants/ha. This can be
increased up to 15,000 plants/ha if the ground is fresh/moist and does not lack water,
or decreased to 7500 plants/ha if the winter water reserve is too low; 3 to 4 kg of
seeds are required for 1 hectare.
Weeds can be controlled by herbicides (trifluralin, alachlor, linuron, etc.) or by
passing with the cultivator twice until the rosettes have covered the ground. This task
is very important during the first year of crop establishment – that is, during sprouting
and development of the seedlings – because at first a large portion of the ground is
still free of the crop. As the rosettes keep growing, they cover the soil, making it
harder for weeds to develop. During the second and third year of cultivation, the
quick regrowth and the development of a larger rosette of basal leave in early autumn
gives weeds little opportunity to establish themselves, so it can be said that weeds
will be no trouble (Grammelis et. al. 2008).
Among the main pests that might attack cardoon are aphids (Aphs spp.), the
stem borer (Gortyna xantenes Germ.), the leaf borer (Apion carduorum Kirby) and
the leaf miner (Sphaeroderma rubidum Graells), as well as cutworms (Agrostis
segetum and Spodoptera litoralis) and several flies (Agromyza spp., Terellia spp.)
and moths (Pyrameis cardui L.). They can be treated with either specific or broadspectrum insecticides.
Among the main fungal diseases are downy mildew, powdery mildew and botrytis
blight rot. Against the downy mildews, treatments based on copper or Zineb, Maneb
or Captan are recommended. Powdery mildew and botrytis blight rot are successfully
controlled with sulphur or Benomyl-based treatments.
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