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The current state of biofuel distribution in EU, USA and Ukraine and its perspectives,
new alternative sources of renewable energy , advantages and disadvantages of their use
have been analyzed in this review. The concept growing of energy cultures in Ukraine
has been described. Prospects for the use of bioenergy cultures of the 2nd generation
have been considered. Particular attention has been paid to advantages and peculiarities
of growing cultures with high potential of productivity - willow and poplar. The role of
phytoplasmas in plant pathology has been considered; the pathways of distribution of
plant phytoplasmosis, their localization in plant-host cells, typical symptoms of plants
affected phytoplasmal diseases have been described, as well as attention has been paid to
the distribution of phytoplasmas in Europe and Ukraine, which are capable to affect the
perspective bioenergy cultures of wood species.
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The use of raw material resources of the Earth have been carried out for
many centuries, but only in the second half of the XX century, many countries
with different levels of development and different political structure, faced
with a real and sometimes critical deficit of oil, gas and other types of minerals
[1-3].

In recent decades, the share of fossil fuels in providing world needs has
reached 88 - 89%. Such limitation of the stock of raw materials has become
so evident that the future prospects for the existence of civilization are
based on the need for the transition of the economy to the resources of the
biosphere, which, unlike fossil fuels, are regenerative. Plant biomass is an
essential component of the raw material resources of the biosphere, and due
to the mechanism of photosynthesis and the practical unlimited solar energy
reproduced every year on a huge scale. However, the availability of biomass
in sufficient quantities does not alone provide a solution to the problem. The
problem of environmental protection is closely linked with the problems of
modern energy.
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Modern energy is based on the combustion of petroleum products, coal
and natural gas, which clogs the atmosphere with a huge amount of CO,,
other greenhouse gases and acid-forming oxides of nitrogen and sulfur. Huge
emissions of carbon dioxide and methane to the atmosphere lead to an increase
in the greenhouse effect, causing direct damage to the environment, which
leads to climate change on the planet [1-3]. So, the energy problem becomes
global and has all the signs of the ecological crisis. This prompts scientists to
immediately search for reliable, alternative, constantly renewable sources of
energy [1-4]. Due to this, renewable energy is one of the most discussed topics
in Europe and in the world.

Current state of distribution of biofuels in the EU, USA and Ukraine
and its prospects. In recent years, both in the world and in Ukraine in
particular, in connection with the rise in energy prices, more and more attention
has been paid to biofuels produced from high-energy cultures.

The production of biogas is an effective and investment-attractive
technology, which is conditioned by the presence of significant raw material
potential, favorable natural and climatic conditions and low cost of this type of
energy compared with the production of bioethanol and biodiesel [3].

However, Ukraine is at the initial stage of the introduction of renewable
energy sources, the scientific and technical and economic problems of the
production and use of biogas are not sufficiently studied [3].

Biogas technology leaders are such countries as Germany, the United
Kingdom, USA, Canada, Brazil, Denmark, China, India and others [3].
So, in Poland, according to the renewable energy development strategy, it
is anticipated that for achivement 20% of the share of alternative fuels in
transport by 2020 will be build 26 biofuel plants with capacity from 25 to 150
thousand tons of fuel per year [5 -7]. In order to increase the interest of biofuels
producers, the legislation of Poland provides for a number of incentives (state
supplements, preferential excise rates for mixed fuels containing biofuels,
simplified procedures for obtaining biofuel production permits, etc.) [5 - 7].

In Germany, there are 29 biodiesel and 3 bioethanol high-performance
plants producing about 2 million tons of biofuels. In the long run, the number
of such enterprises will be brought to 40 biodiesel and 60 bioethanol plants
[5-7].

For Ukraine, the strategic goal of which is integration into the EU, the
development of bioenergy is of particular importance, since the use of
renewable energy sources is not lower than the average European level - one
of the requirements of the European Union to the candidate countries, which
is an additional argument in favor of the development of renewable energy
sources [8].

In 2009, the EU directive on greenhouse gas emission reductions has been
adopted, which stated that installations after 2008 should ensure reduction of
greenhouse gas (GHG) emissions by 35%, from 2017 - 50%, from 2018 - 60%
[9-17].

For a long time, the policy to stimulate the use of biofuels in the EU has
been an important source of demand for Ukrainian suppliers of raw materials
[18, 19].
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By committing itself to reducing greenhouse gas emissions under the Kyoto
Protocol and trying to reduce its dependence on the import of traditional energy
sources, since 1997, the EU has approved renewable energy targets in the form
of its share in final energy consumption [18, 19].

The fulfillment of the targets required the introduction of state support for
biofuels in transport and renewable energy in general at both the EU level and
at the level of legislation of the member states. These programs have led to a
gradual increase in production and consumption of biofuels, and hence to an
increase in demand for raw materials.

Since biodiesel accounts for about 75% of the biofuels market in the EU,
vegetable oils (rapeseed oil and rapeseed) are the main raw material for its
production. Recently, the demand for rapeseed oil and seeds has grown to
such an extent that it could not be satisfied with production within the EU,
since now in the EU only 45% of the oil produced from seeds is grown in the
EU, and the rest of the raw materials are imported. According to the European
Commission, to achieve the 2020 targets, about 30% of the raw materials
needed to be imported into the EU should be imported [18].

Ukraine refers to countries that only partially provide themselves with
traditional types of energy resources and are forced to import about 65% of
fossil fuels. The modern energy policy of Ukraine is based to a large extent on
the import of energy raw materials, the price of which is constantly increasing,
and this trend is increasing year after year, as the extraction of fossil energy
sources is reduced, and in the near future, the reserves of these energy sources
will be exhausted.

In 2001, while renewable energy production dynamically developed in most
European countries, within the framework of a joint Ukrainian-Danish project
on the activities of non-governmental organizations in the field of sustainable
development with the participation of the NGO “Energy of the Future Century”
jointly with the Danish “Organization on renewable energy “a document” The
Concept of Bioenergy Development in Ukraine “was prepared, in which it
was noted that it is now profitable for Ukraine to produce heat from biomass,
and the most competitive today, technologies such as wood burning stations
of centralized supply, straw burning boilers and biogas plants are capable and
promising [20, 21].

Therefore, the development of non-traditional and renewable energy sources
(NRES) in Ukraine should be considered as an important factor in increasing
the level of energy security and reducing the anthropogenic impact of energy
on the environment. Despite its dependence on energy imports, Ukraine has
paid little attention to the development of NRES, whose share in the structure
of energy consumption is 0.8%, which is much lower compared to other
European countries.

Energy cultures are a valuable source of biomass. An important
component of the EU bioenergy sector is energy cultures - plants that are
specially cultivated for direct use as fuel or biofuels [22]. One of the EU’s main
goals for 2020 is to achieve a biomass share of 14% of gross final energy use.
(Ukraine has a great potential for the production of biomass from vegetable raw
materials.) As was reported from Government portal of Cabinet of Ministers
(gov.ua), in Ukraine, today, with 32 million hectares of agricultural land, there
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are about 4 million hectares of low-yielding, which can be used to grow energy
cultures and thus, Ukraine may potentially replace by energy crops nearly
20 billion cubic meters of gas.

The main priorities of phytoenergy are the search for cheap biomaterials,
the creation of the necessary infrastructure for the cultivation of energy plants
and the conversion of biomass through chemical or biological processes into
different types of biofuels: liquid (ethanol, methanol, butanol, biodiesel),
gaseous (methane, synthesis gas, hydrogen), and solid (fuel pellets, briquettes,
cod, straw, husk, firewood).

One of the most promising alternative energy sources today is solid biomass
of organic origin, including vegetable, which is an environmentally friendly
renewable energy source. Biomass energy is equivalent to 2 billion, accounting
for about 13-15% of the total use of primary energy resources in the world.
The share of Ukraine, according to some estimates, is about 50 million tons,
but the economically feasible potential of biomass is estimated at 27 million.
A significant attention in the world is devoted to the problem of biomass
processing in order to obtain biofuels. Biomass in power engineering can be
used directly by burning or as fuel - after pre-processing on diesel fuel, ethanol
or gas.

Consider what raw materials and energy cultures are used to produce
biofuels:

For the production of biofuels of the first generation, significant raw
materials are needed: energy crops such as canola, sugar beet, corn and others.

Second generation biofuels are required for energy cultures such as
miskanthus and tree crops (poplar, willow).

Third generation biofuel production requires energy cultures such as
single-cellular algae (chlorella, chlamidomonade), some eubacteria and
cyanobacteria.

It should be noted that today the EU Parliament is worried about the high
prices of biofuels of the 1st generation, which are no longer considered safe
for the environment, and MEPs question its economic viability. Therefore, they
will support the production of electric cars and biofuels of the so-called 2nd
generation, which are mainly made from wood, as well as straw (cellulose) and
algae (3rd generation).

The main advantages of plant biomass, as a source of energy, include the
environmental cleanliness of emissions, compared with fossil fuels, the absence
of a negative effect on the balance of carbon dioxide in the atmosphere. During
the combustion of biofuels on the basis of plant biomass, less carbon dioxide
is emitted into the atmosphere than absorbed by plants during photosynthesis,
20-30 times less sulfur oxide and 3-4 times less as compared with coal. The
by-product in the process of producing liquid and gaseous biofuels and as a
result of the combustion of solid biofuels is an organic substance that can be
used as fertilizer.

Perennial energy plants are able to accumulate energy intensively during
the growing season due to the favorable soil and climatic conditions of most
regions of Ukraine. These plants are characterized by low cost of cultivation,
not demanding soil fertility, do not require significant use of fertilizers and
pesticides, prevent soil erosion, promote the preservation and improvement of
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agroecosystems. This allows cultivating energy plants on land removed from
crop rotation, which, according to statistics in Ukraine, has from 3 to 5 million
hectares (Government Portal (gov.ua).

The cultivation of energy crops with high biomass productivity ensures
a significant flow of organic matter into the soil by the root system and
postbreaks, which contributes to the accumulation of humus compounds in
the soil. The lack of mechanical cultivation of soil during the cultivation of
perennial crops helps to stabilize the species and quantitative composition of
the soil microflora, the course of soil formation processes according to the
genetic features of the soil cover.

Energy cultures of the second generation. Advantages and disadvantages
of their use. The most up-to-date for Ukraine is the search for non-traditional
renewable energy sources, among which energetic plants deserve special
attention. The source of energy raw materials can be both byproducts of plant
origin and specially designed plants for this purpose, such as willow and poplar
[23-28]. Such energetic plants are valuable to a large harvest and unpretentious
to cultivation , and the use of plant biomass provided it is continuously restored
(for example, new forest plantations after deforestation) does not lead to an
increase in the concentration of carbon dioxide in the atmosphere.

A large number of plants have been investigated to determine the potential
use of them as energy crops, but only a few species have reached commercial
level and are grown in large areas. Among them the most common are:
miskanthus, myrchigras, willow, poplars (they are planted about 10-15 - up to
30 years old, the preparation of the soil for their cultivation does not require
high energy costs, the harvest is harvested in the winter or in spring using
conventional agricultural machinery).

Particular attention should be paid to such promising and most common
bioenergetic crops of tree species with high productivity potential, such as
willow and poplar. Let’s consider their advantages and features of cultivation.

Willow (Salix L.) - a genus of trees or shrubs of the family of willow
(Salicaceae). Energy willow - usually thick, grows up to 5-6 m tall and has
a large number of shoots. It is quite easily reproduced by vegetative shoots.
Willow planting will remain productive up to 25-30 years, and the harvest
during this period can be collected in three or four years. From 1 hectare of
plantation can receive up to 30-40 tons of dry wood mass each year.

Positive is that the willow is resistant to frost and drought, to pests and
diseases, it can grow on different types of soils, in hills, in ravines with high
levels of groundwater, in wet lands that provide good water supply, even on
unproductive lands which need reclamation, that is, on lands that are unsuitable
for agriculture. One ton of willow with 40% humidity provides 1 Gceal of heat,
while the same amount of dry raw material at 15% moisture gives 2 Gcal of
heat.

Approximately after 25 years, the use of willow is eradicated, and the land
is used to grow other crops or spend new plantings of energy plants. Culture
has a great potential for productivity, especially in lowland and fertile lands
with good water supply, which are the most acceptable. Great potential of
energy plantations on lands that are not used or used inefficiently. In the end,
energy willow can significantly contribute to solving not only energy, but also
environmental problems associated with the treatment of sewage [ 23 - 27].
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Poplar (Populus) - the family of the willow (Salicaceae). Poplar is
a close relative of willow, which also found its application in bioenergy.
Like the willow, it is grown in Western Europe for heating. In our climatic
conditions among all other trees, the poplar itself grows fastest. It grows in
similar conditions with willow. For its growth needs a lot of moisture and light.
Therefore, the largest yield of biomass will be in conditions close to those in
the valleys of the rivers.

Poplar has long been used as an energy crop due to its rapid growth and
resistance to pests and the possibility of growing on poor soils. For the most
part, it does not require the use of pesticides and fertilizers. The possibility of
its cultivation on contaminated lands is revealed [28].

Recently, due to relatively rapid growth and the formation of biomass,
poplar stands are increasingly used as regenerative energy sources for biofuel
production. Its wood is fairly light, widely used for technical purposes.

Four cubic meters of wood replace 1000 m® of gas. Such biofuel will cost
the state almost four times cheaper. Poplar absorbs a large amount of carbon
dioxide, thanks this we can get environmentally friendly fuel. Hazardous
emissions, compared with diesel fuel, will be reduced by 90%. In industrial
plantations, the dry mass yield of poplar is up to 6-12 t / ha. Poplar plantations
remain productive up to 15-20 years or more, and biomass can be harvested
every three to six years during this period.

Like other power plants poplar can also grow on marginal soils unsuitable for
food production, minimizing competition between food crops and bioenergetic.

An overview of the practice of growing energy plants in the EU and
in the world. Among all the energy plants in the world, willow today is used
in the world as the main energy crop for the production of solid fuels. The
most rapid development in the field of phytoenergy, this culture has acquired
in the Scandinavian countries, it is recommended to grow on wetlands and
low productive land. Biomass of energy willow in the form of fuel cod is the
main raw material for the production of green energy at thermal stations in
Denmark, Belgium, Finland, England, Germany, Austria and Poland. Sweden
has made significant success in growing willow on soils, which for several
decades increases crop area, which today is about 18,000 to 20,000 hectares.
So, energy crops are an important part of the EU bioenergy sector.

The European Bioenergy Association (AEBIOM) estimates the current
potential of energy crops in the European Union at a level of 44-47 million
tons / year. One of the EU’s goals for 2020 is to reach 138 million tons in the
year. Biomass in gross final energy consumption is correspond to 14% of VCE.
Existing potential of energy crops can cover about a third of this target. In
2011, the total area under ligno-cellulosic energy crops in the EU is about 130-
140 thousand hectares (Table 1). About 37% of this area (50 thousand hectares)
falls to Romania, where the millet is grown as rodlike. Significant areas are also
used in Finland under digitaria arundinacea (about 19 thousand hectares), in the
UK - under the miskanthus (10-11 thousand hectares), in Sweden and Poland -
under willow (11 thousand hectares and 5-9 thousand hectares, respectively).

The first industrial willow plantations of energy appeared in Sweden in the
late 80’s - early 90’s of the last century, when the trend of using alternative
energy sources instead of traditional and well-known oil and gas began to
emerge in Europe. Therefore, Sweden is rightfully considered to be the country
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Table 1
Areas under lignocellulosic energy cultures in the EU (2011), ha

EU countries Willow Poplar Miskanthus Millet Dlglt.arla
arundinacea

Austria 220-1100 880-1100 800

Belgium 60 100

UK 1500-2300 10000-11000

Germany 4000 5000 2000

Denmark 5697 2807 64

Ireland 930 2200

Italy 670 5490 50-100

Lithuania 550

Netherlands 90

Poland 5000-9000 300

Romania 50000 780

Sweden 11000 550 450

Finland 18700

France 2300 2000-3000

that first proposed and implemented the industrial technology of growing
energy willow as a solid biofuel. The following countries, which began to
follow the example of Sweden, were Britain, Ireland, Denmark, Poland, the
USA and others. In 2008, the first industrial landings appeared in Ukraine. The
proliferation of this long-term culture in these countries is due, first of all, to
favorable climatic conditions for its cultivation. This is a sufficient amount of
precipitation, the volume of which should be less than 550-600 mm per year
to achieve the planned yields. Of course, in addition to energy willow, there
are many other plants that are grown to produce green biomass, but they are
common in other geographic areas that are best suited for their reproduction.
Despite the fact that the main purpose of energy willow is biofuels for the
production of electricity and heat, different countries have their own specifics
of the use of biomass from energy plantations of willow and main market
drivers.

Sweden. According to various estimates, willow in Sweden is grown
on an area from 15 to 20 thousand hectares. According to Lantméinnen, on
average, approximately 500 hectares of new plantations annually are planted
in the country, and the same number is re-cultivated. Plantation owners and
producers of energy cod are ordinary farmers. The main driving forces behind
the development of this market are the high carbon dioxide emission tax
(70 euros / t) and the high demand for biomass inside the country, due to the
large number of district heating projects that operate on solid biofuels. Pellets
are supplied to 25 heat generation facilities. By this indicator, Sweden is in the
first place in the world. Today, only 5% of energy in Sweden comes from oil.
Another important factor in growing plantations is the state support of farmers
in this direction. Covering part of the cost of creating plantations is at a rate of
500 euros per 1 hectare. All these measures have contributed to the fact that
Sweden has become a global leader in this segment of bioenergy. Thus, it has
reduced the import of expensive energy resources and switched to the use of
domestic alternative energy sources. The country showed how in a short period
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of time it is possible to completely change the structure of energy consumption,
thus creating additional jobs.

UK. According to the European Biomass Association (AEBIOM), about
4,000 hectares of willow plantations are planted in the UK. In this country,
energy from willow will be used mainly as a biofuel in the CHP, which creates
the appropriate legal conditions. Among the main factors contributing to the
development of plantations in the UK, one can distinguish the limited forest
resources in the country and the state support of farmers at a rate of 800-1000
pounds sterling per hectare (compensation part of landing costs).

Denmark. Despite its small size, this country is at the forefront of bioenergy
development. In recent years, there have started to build new district heating
plants using solid biofuels, which are considered by other countries as an
example for imitation. One of the energy sources of such plants is plantations
of energy willow, with an area of over 3,000 hectares in Denmark. Unlike other
countries, high prices for biomass have become a major stimulus for farmers,
which in turn is driven by high demand within the country. As of 2012, energy
willow prices in Denmark are approaching € 100 / t.

Poland. According to the Agency for Restructuring and Modernization of
Agriculture (ARiIMR), more than 6,000 hectares of energy willow were planted
in Poland in 2010. The main demand for biomass from these plantations is
formed by the Polish TPPs, which produce 90% of the electricity in the coun-
try. Therefore, a law was passed in Poland that encourages TES to use, along
with coal, biofuels to reduce CO, emissions into the atmosphere. The fact that
in 2008 Poland adopted a decree encouraging the use of agricultural biomass,
which includes energy plants, was also positive for the market. According to
this regulation, objects that consume biofuels must be guaranteed to use the
minimum set percentage of agrobiomas. The relevant indicators are set for
different categories of producers of thermal and electric energy, which implies
an increase in the consumption of agrobiomas by 2017. The adoption of the
aforementioned decree and the presence of a large number of unproductive
land gave impetus to the development of energy willow plantations in Poland.
So, there was a good practice in the country that could be taken as a basis for
the development of the bioenergy market in Ukraine.

Energy companies are ready to partially finance plantations and guarantee
the purchase of all biomass in future years. Taking into account that in Ukraine
the share of coal use in generating electricity is large, only a 5-degree substitu-
tion of coal with biomass or co-firing can give a big impetus to the develop-
ment of the domestic market for solid biofuels. This is more beneficial than
building new biomass plants, because it requires less investment to modernize
equipment. Replacement of 5% of coal for biofuels at Ukrainian TPPs is a
market in volume of 1.5-2 million tons of pellets, which is 3-4 times more than
it is produced as of 2012.

The concept of growing energy cultures in Ukraine. Among all energy
plants in the world, it is the willow used as the main energy culture for the
production of solid fuels. The experience of “green” energy (as already re-
ported above) are Norway, Denmark, Germany, Austria, Poland, England and
Ireland. The greatest successes in this area are demonstrated by Sweden. Here
plantations of willow occupy more than 20 thousand hectares, and from it they
receive raw materials even for heating plants.
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Ukraine is laying only the first trees of the energy “grove”. The energy po-
tential of biomass, which is in Ukraine in different forms, is 24 million tons of
conventional biofuels per year.

However currently using only 2%. When cultivating energy crops, costs
per equivalent energy are tens of times lower compared to the cost of energy
from traditional sources. Undoubtedly, the positive impact of energy crops on
the preservation and reproduction of ecosystems helps to eliminate the prob-
lems associated with environmental pollution, minimizes the trends of global
warming.

Today in Ukraine there are also several companies engaged in the cultivation
of energy crops at a commercial level. Another number of companies are
planning to enter this market in the near future. The “Salix Energy” company,
which was founded in 2010, has the largest energy willow plantations in
Ukraine (Salix Viminalis), located in the Volyn and Lviv regions (> 1500 ha).
6 varieties of willow are harvested, including Polish and Swedish. In 2013, the
company registered its own brand “Marciana” (the only one officially registered
in Ukraine). For 2014-2015 there are plans to expand willow plantations to 2,5-
3 thousand hectares and start of industrial harvesting. Salix Energy plans to
harvest energy from willow for the production of thermal and electric energy
in Ukraine.

There are also some local programs for the development of energy
cultures, such as the Program for growing energy willow seedlings in Rivne
region for 2010-2011, approved by the chairman of the Rivne Regional State
Administration from June 14, 2010.

But, despite the very active beginning of the development of energy cultures
cultivation in Ukraine in recent years, there are a number of problems that
require solutions.

One of these problems is spreading of bioenergy cultures diseases caused
with phytopathogenic microorganisms and absence of monitoring and diagnosis
of these diseases. Moreover, we should not forget that current global trade
and its potential for further introductions of wood pathogens may dwarf any
improvement in management that derives from such developments.

Many pathogens are affecting trees in different ecosystems, causing
ecological and economic problems in various regions of the world. Infectious
diseases are caused by a diverse range of phytopathogenic organisms, including
fungi, bacteria, viruses and phytoplasmas.

Among the prokaryotes, phytoplasmas cause the greatest economic damage
to different species of trees. Phytoplasmas are associated with the diseases of
several hundred plant species, including a number of tree species, in many
places in the world [29].

Disease agents are infectious, whether on their own or due to a vector, and
the diseases which they cause are thus transmissible from diseased to healthy
trees.

Therefore, the perfect knowledge of biology of pathogens and epidemiology
of any disease remains key in the development of modern, effective and
sustainable control strategies, including a comprehensive disease management
program.

Unfortunately, quite a small group of phytopathologists who are
investigating the pathogens of wood species, and practically there are no studies
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of phytoplasmosis of wood species, in particular such valuable bioenergy
species as willow and poplar. Therefore there is a need for a more informed
issue on the health of trees throughout the scientific community.

Taking into account the harmfulness and danger of these pathogens, we
will consider pathways of distribution of plant phytoplasmosis, and also will
consider the role of phytoplasmas in plant pathology, their localization, typi-
cal symptoms of plants affected phytoplasmal diseases and also we will pay
special attention to the distribution of phytoplasmas in Europe and Ukraine,
which are capable to affect the perspective bioenergy cultures of wood species -
willow and poplar.

Pathways of plant phytoplasmosis dissemination. Causative agent
of phytoplasmosis - phytoplasmas, which are lack cell walls with DNA
characterized by low guanine and cytosine (G+C) content. These prokaryotes
are typical transmissible pathogens, for the outspread of which vector are re-
quired.

The main role in the distribution of phytoplasmosis of plants plays insects,
mainly - leafsticks. In these insect-vectors well-persist phytoplasmas. The
incubation period for various phytoplasmas in their vectors varies in the
depending of vector type and the climatic conditions during its infection. At this
case phytoplasmas in a vector multiply and detected almost in all tissues [29].
For certain perennial plant species, mainly - wood species, the preservation
of infection in the root part have been also established. So, the hibernation
of phytoplasmas in the root part of plants have been demonstrated for such
diseases caused with phytoplasmas as phloem necrosis of the elm [32], wilting
pears [33], X-disease of the peach [34] and others.

However, phytoplasmas are rarely strictly specialized pathogens. Plants that
they affect are determined with the species composition of plants on which the
given vector feeds. Area of the spread of the disease, as a rule, is limited with
the range of resettlement of the vector. If the disease is transmitted with several
vectors, area of its distribution is the sum of ranges of each vector. Plants, on
which feed a large number of leafsticks species can be affected diseases, which
are pathogens of different phytoplasma species. At this case superinfection of
plants is observed - simultaneous damage by various pathogens, which often
leads to plant death.

Localization and pathogenicity of phytoplasmas, symptoms of plants
affected phytoplasmal diseases.

Localization of phytoplasmas. Phytoplasmas are usually detected in the
phloem sieve elements of the affected plants.Phytoplasmas accumulate in
the phloem sieve tubes of plants and transmitted with insects of the order
Hemiptera which feeds onto these plants [35]. Sometimes they are detected
also in parenchyma cells, as well as in tissue cells that are nearby with phloem
and with core parenchymal tissues. Pores of sieve vessels and plasmodesma
are the pathways of phytoplasma transition from cell to cell.

Obviously, at strongly inhabited cells of different tissues of plants by
phytoplasmas, there is a significant violation of normal processes, not only in
separate cells, but also in whole systems of tissues. Even if cells are not inhab-
ited by phytoplasmas, but are in the nearness of an infected or in a systemic
connection with them, then they lose the normal structure and functions under
the influence of various factors of phytoplasmas pathogenicity.

ISSN 1028-0987. Mixkpobion. scypu., 2018, T. 80, Ne 4 117



But in woody host, the phytoplasmas concentration is often low and may be
below the level of microscopical detection [36].

Pathogenicity of phytoplasmas. Different methods have been used to
prove pathogenicity of the agents and to establish their belonging to the class
Mollicutes (family: Acholeplasmataceae) such as: cultivation in the artificial
nutrient medium, investigation of the mycoplasma properties in the pure
culture, infection of plants with pure culture of this pathogen, establishment
fixation of the antigenal relationship of isolated agents with some phytoplasma
species.

Pathogenicity of phytoplasmas in single infected plants is very high. As a
result of infection with phytoplasma - infected plants can not grow and develop
normally.

What is the possible explanation of the phytoplasma aggressiveness in
plants? Prof. Vlasov assumed that cultivated plants are just accidental hosts of
the phytoplasma [37]. If this is true, they hare seriously affected by infection
agents.

There are cases when wild plants without showing symptoms of the disease.
Such latent infection carriage was probably developed as a results of a long
term coevolution of the pathogene and its host. The aggressive properties of
the pathogen have immediately become apparent by the transmitting of the
infection on new host.

It should be noticed, that the insects, which are vectors of the phytoplasmas
are not only carriers but the main host of phytoplasmas as well. Relations
between phytoplasmas and insects in most cases resemble the symbiotic ones.
Cultured plants are infected by the phytoplasmas when they get in the natural
nidus of the infection and when the conditions for the pathogens transmission
from the natural nidus are favourable.

There may be some more explanations of the high phytoplasma pathogenicity
in case of natural transmission of infection for plants. Phytoplasmas while
cultivating in the pure culture as well as other microorganisms may partially
lose their pathogenicity. This fact doesn't allow investigators to put special
attention to the high phytoplasma aggressivity when they infect cultured
plants under the natural conditions. That is, there is observed certainly high
aggressivity of phytoplasma infection to plants but there was no attempt to look
for pathogens among representatives of Acholeplasmataceae tamily. Thus, the
establishment of the role of phytoplasmas in pathology of plants requires fur-
ther research. Obviously that new experimental data will help to recognize and
identify new diseases caused by phytoplasmas [37].

Symptoms of plants infected with phytoplasmosis. The inhabited of cells
of various tissues of plants by phytoplasmas leads to the fact that plants af-
fected phytoplasmal disease become dwarf, yellowish. Occasionally the plants
affected phytoplasmosis become stifled, and with superinfection - often die.
Damage to plants by phytoplasmosis violates the processes of regulation of
growth and development, leads to changes in the habit of the plant. In this case,
the adventitious kidneys and offshoots are formed in excess, disturbed domi-
nation of the tops. Due to the presence of numerous additional offshoots, the
plant has the form of «witches,» becomes dwarf. In these plants, the internodes
are shortened, the size of the leaves is diminished, and the insignificant
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slowed growth rate. Violation of regulatory processes in the plant leads to the
appearance of phyllodium in plants distorted development of the generative
organs and their infertility. Fruit production of the plant after its lesion by phy-
toplasmosis stops, since generative organs become vegetative [37].

Symptoms trees affected with phytoplasmosis. The symptoms of diseased
plants vary with the phytoplasma, host, stage of disease development, age of
host and environment at the time of infection [30, 31, 38].

These symptoms include yellowing or reddening of the foliage, small
leaves, leaf curl, vein necrosis and often premature fall coloration. Premature
defoliation, poor terminal growth, dieback and decline in plant health are also
often reported as being associated with phytoplasmal infection. White ash
(Fraxinus americana L.), green ash and velvet ash (Fraxinus velutina Torr.)
are the only ash species that have been observed sufficiently to allow comment
on phytoplasmal infection symptoms.

Thus, typical symptoms include slow growth, diminished apical dominance,
suppressed root development, witches’ brooms and subnormal greenness of
foliage with early foliage colour change [39, 40].

Scientists who are investigating phytoplasmosis of plants know that the
same pathogen can cause disease with different types of signs and, conversely -
the same type of disease can be caused by different pathogens and that the
symptoms of the host plant are not always possible to diagnose the disease and
identifying its pathogen.

Only with the advent of molecular biology and using molecular biological
methods significant progress was made to understand the biology of these
pathogens.

Based on housekeeping genes such as 16S rRNA phytoplasmas have been
shown to belong to the class Mollicutes [31, 41 - 45].

For the identification, differentiation and preliminary classification
of phytoplasmas, primer pairs based on the highly conserved 16S rRNA
gene sequence have been developed. Using the restriction fragment length
polymorphism (RFLP) analysis of the 16S rRNA gene, Lee et al. (1993)
constructed a classification scheme for phytoplasmas [46].

This scheme, with periodic updates [31, 47-49] has provided reliable markers
for the identification and classification of many phytoplasmas into groups and
subgroups. In addition, the sequence information from the 16S rRNA genes
has served as a baseline for the delineation of ‘Candidatus Phytoplasma’
candidate species as recommended by the Phytoplasma Taxonomy Group of
the International Research Program on Comparative Mycoplasmology (IRPCM
Phytoplasma/Spiroplasma Working Team —Phytoplasma Taxonomy Group,
2004) [50].

Distribution of phytoplasmosis among bioenergy cultures. In recent
years, in all countries of the world - both in European countries, including
Ukraine and in the United States are rapidly spreading phytoplasmosis of wood
species which cause the greatest economic damage to many of them [51 - 60].

Using the 16S rRNA gene polymorphic restriction fragment length analy-
sis (RFLP), it has been possible to identify a number of phytoplasmas which
are usually found in temperate forests. Using this method it was possible to
identify phytoplasma series which are usually found in temperate forests [46].
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Such promising bioenergy crops like willow and poplar are also affected
with phytoplasma - phytoplasmosis agents (Table 2).

So, since 1997, with the use of molecular methods (namely - polymor-
phic analysis of the restriction fragment length (RFLP) of the 16S rRNA
gene) were recorded cases of poplar diseases such as yellowing aster
caused with phytoplasmas in such countries as Germany, France, Hungary,
Croatia [61 — 63]. It should be noted that different poplars Populus alba L.,
P, nigra L., P. tremula L., which were infected with phytoplasmas belonged
to the same group - 16Srl group (subgroup P) or to AY (Aster Yellows) group
(*Ca. Phytoplasma asteris) (Table 2).

Using the same molecular tools (polymorphic analysis of restriction frag-
ment length (RFLP) gene of 16S rRNA, 2009) in China (Shaanxi Province)
Wei (2009) showed that trees of willow were infected with phytoplasmas [64].
These scientists identified the phytoplasma disease of the willow, called the
Yellows-type disease of salix and found that phytoplasma causing a yellow-
willow disease belongs to the group 16Srl (subgroup C) (Ca. Phytoplasma
aster) [64] (Table 2).

So, after analyzing the above it becomes obvious that the phytoplasmas
causing disease of willow the type of yellow belong to the same group (16Srl)
as phytoplasmas, which causes the poplar diseases type of yellowing of the
aster - 16Srl group (Ca. Phytoplasma asteris).

Moreover, recently, in 2011 Jomantiene with colleagues [65] found that in
Ukraine larch are infected with phytoplasmas.

Table 2

Phytoplasmas commonly detected in temperate forest tree species

Plant host C disease ‘Candidatus Phytoplasma’ 16S rDNA group Country of occurrence References
name species (subgroup)

Alnus glutinosa (L.) Gaertn., Alder yellows ‘Ca. Phytoplasma ulmi’ 16SrV-C or  Austria, Bosnia and  Lederer and
A. incana (L.) Moench, AldY Herzegovina, France, Seemiiller, 1991;
A. rubra Bong. Germany, Hungary, = Marcone et al.,
Italy, Lithuania, North 1994; Valiunas
America, Switzerland et al., 2001;
Berges and
Seemiiller,2002;
Lee et al.,2004a

Salix babylonica L. Yellows-type disease ‘Ca. Phytoplasma asteris’ 16SrI-C  Shaanxi Province,
China ‘Wei et al., 2009

Populus alba L., Aster yellows ‘Ca. Phytoplasma asteris’ 16SrI-P or AY Croatia, France, Berges et al,, 1997;

P. nigra L., Germany, Hungary  Seruga et al., 2003;

P. tremula L. Music et al., 2008

Larix sp. Larch dwarfed needle ‘Ca. Phytoplasma asteris’ 16SrI-B Ukraine Jomantiene et al., 2011
proliferation

Ulmus alata Michx., Elm yellows ‘Ca. Phytoplasma ulmi’  16SrV-A France, Germany, Miurer et al.,

U. americana L., Italy, North 1993;Lee et.al.,

America, Serbia 1995, 2004a;
Sfalanga et al.,
2002; Jovi¢
et.al., 2008,
2011; Romanazzi
and Murolo, 2008a

Fraxinus  americana L., Ash yellows “Ca.Phytoplasma 16SrVII North  America  Sinclair and  Griffiths,
F.anomala Torr.ex S. fraxini or AshY (Canada and USA)" 1994; Walla et al., 2000;
‘Watson, F.excelsior L., Filgueira et.al., 2004;
F.pennsylvanica Marsh.,

F.pennsylvanica Marsh., “Ca.Phytoplasma 16Srl-B  America (Colombia),

F.uhdei (Wenzig) Lingelsh., asteris Poland Kaminska and

F.velutina Torr. Berniak, 2009
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As larch is widely distributed throughout Eurasia and is highly valuable
its timber, this finding could have significant economic impact on the timber
industry [66]. As the western juniper [67] and the trees in the study reported
by Schneider et al. (2005) [68] showed symptoms that often result in tree
mortality, these phytoplasmas are likely to be important gymnosperm patho-
gens. Jomantiene with colleagues [65] identified phytoplasma in Larch
(Larix sp.) that caused its proliferation (Larch dwarfed needle proliferation)
and determined that this phytoplasma belongs to the same group of 16Srl
(subgroup B) as the phytoplasma that was detected in infected willow and
poplar species.

In addition, in Poland, when was observed European ash, trees with symp-
toms of yellow disease (Ash yellows) of the of ash (Fraxinus excelsior L.)
were revealed that were similar to the symptoms described by Sinclair with
colleagues - the slow growth and stifled of many types of ash (Ash yellows)
[40] (Table 2). However, Polish researchers Kaminsky and Bernyak (2009)
first discovered that the phytoplasma that infected ash trees in Poland was a
member of the 16Sr] (Ca. Phytoplasma asteris) group, in contrast to the phy-
toplasmas that were identified in the United States by Sinclair and colleagues
(1996) and classified as Group 16SrVII or Ash Y [40, 69].

Thus, in bioenergy cultures - willow and poplars were revealed phytoplas-
mas that cause yellows-type diseases (yellows of aster) and established that
these pathogens belong to the same group - 16Srl (" Ca. Phytoplasma asteris").

In addition, phytoplasmas from this group - 16Srl (" Ca. Phytoplasma as-
teris’) are able to affect not only the willow and poplar, but also other valuable
trees species. So, phytoplasmas from this 16Srl group are detected both in
Ukraine (proliferation of larch) and in Poland (Ash yellows) [40, 69] (Table 2).

The gathered data still require further analysis, but already now, analyzing
these data, can be assert that phytoplasmas from the 16Srl group are not likely
to be specialized until of certain host plants and therefore these pathogens have
more possibilities for survival in nature, as well as for their distribution and, ac-
cordingly, infecting with phytoplasmas from this group of 16Srl of more plants.

To solving this problem, it is necessary to develop effective measures of
protection against phytoplasmosis. But now, at the present time measures to
protect trees from phytoplasmosis are still limited to agrotechnical measures
and the fight against vector insects.

Therefore healthy planting material, healthy seedlings - the main condition
for preventing the occurrence of phytoplasmosis of wood species.

Although the future of biofuels is not very clear in Ukraine today, it is
hard work to create a biofuel industry in fact de novo and to develop new
approaches to the production of biofuels of the 2nd generation, whose revenues
are expected already in 2025.

European scientists are confident in a quick triumph of biofuels, and simple
willow and poplar will play their role in the near future. Ukraine has favorable
conditions for the development of energy crop production: agrarian develop-
ment, favorable soil and climatic conditions, availability of free areas of low-
productivity land, the urgency of introducing energy efficiency and environ-
mental approaches in rural areas.

ISSN 1028-0987. Mixkpobion. scypu., 2018, T. 80, Ne 4 121



We would like to hope that in the near future, both in Poland and Ukraine,
there will be companies that will begin to grow healthy planting material of
energy cultures of such tree species as willow and poplar and the process of
mass laying of industrial plantations of these cultures will begin.
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