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B 1 C H MU K Kuiscbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LleByeHka
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VIRUSES OF FOREST TREES, VECTORS OF VIRAL TRANSMISSION
AND METHODS FOR STUDYING PLANT VIRUSES

B amoii cmambe daemcsi 0630p slumepamypbl ¢ aKUeHMOM Ha UPYChlI OCHOBHLIX MOPOQA JIECHLIX depeebes, UX 6eKMOopPbI
nepedayu u MosneKynsipHbie Memodbl, UCMoJib3yeMbie O5lsl 8bisiesieHus], UOeHmuguKkayuu u usyyeHusi eupycoe pacmeHuii e se-
CHbIX 3Kocucmemax. Bbinu paccmMompeHbl HeKomopbie 3KcrnepuMeHmaribHble 0aHHbIe O 8upycax, MPUCymcmeyrujux 8 J1ecHol
noyee, a makxe npedcmaesieHbl Mo4YHble OaHHbLIe 0 60s1e3HEeMEOPHbLIX a2eHmax Hekomopbix eudoe depeenes e siecax Eeponbl,
CLUA u dpyaux cmpaH. B koHue cmambu 6bi1a ommedeHa Heo6xo0umocme uccriedoeaHuli UPYCHbLIX MamMosI02U4eCKUX rpo-
yeccoe 8 JsIeCHbIX Hacax0eHUsiX ¢ Uenbio npedomepawieHusi nomeps 6 6uopazHoobpasuu secHbIX HacaxdeHuli, CHUXeHUsl Ka-

Yyecme dpeeecuHbl u m. 0.

This article reviews the literature with focus on some of the major forest tree species viruses, vectors of viral transmission
and molecular techniques used to identify, qualify and examine plant viruses in forest ecosystems. Some experimental data re-
garding soil inhabiting viruses was reviewed and particular information about causative agents of certain forest trees in Europe,
USA and other countries was presented. The necessity of researches regarding more and more important role of viral pathologi-
cal processes in forest ecosystems in order to prevent such issues as: loss of plants vigor, loss of wood quality etc. which were

highlighted in the end of the article.

Introduction. Forest decline has become a popular is-
sue, especially in connection with air pollution emanating
from industrialized areas, but such aspect as forest dis-
eases, especially of virus etiology [49] have been consid-
ered of minor importance. There are not so many studies
focused on plant viruses as infection agents of forest trees
in particular, but many focused more on mixed types of
diseases, incorporating fungi, mycoplasma and other infec-
tion activators rather than viruses. There were numbers of
scrutinies regarding forested areas and nurseries and they
seem to confirm the expansion of viruses in many plants
with virus associated symptoms. Viruses induce alterations
in a tree's metabolism and alter plants predisposition. Vi-
ruses reported in many forest ecosystems and recovered
from forest tree species. Viruses are widespread patho-
gens in agricultural crops, weeds and forest trees in par-
ticular, as a result, they are considered to be important
reservoirs of viruses [37]. Viruses can only be replicated in
living cells, because they lack their own metabolic activi-
ties. Nowadays, plant pathologists and biologist commonly
are not concerned with viruses of forest trees, instead fo-
cusing their attention on short-term agricultural and fruit
crops, where virus impacts have been shown well in near-
term outlook. In spite of this, viruses or virus-like particles
(VLPs) of coniferous and deciduous forest tree species
causing significant impact on plant communities [16]. They
can be soil- and airborne, and are transmitted from one
plant to the other by mechanical means through wounds,
arthropods, nematodes or fungal vectors, and a consider-
able number by seed and pollen. The international transfer
of contaminated plant material is another important factor
of virus distribution. If the economic point of view is con-
sidered, we should be cognizant that virus diseased plants
may increase production costs because of the possibly
decreased growth of infected stock plants and that viruses
may subsequently damage their market quality. Information
based on nature of viruses and virus-like diseases in forest
trees makes us scientists observant and conscious about
the ways how to deal with these types of plant pathology-
related problems but not as fully as we all probably would
have liked it to be.

Some specifics of forest trees viruses and their certain
vectors.

Unlike animal viruses, where hosts are mobile and of-
ten come into contact with each other, plant viruses need
to cover the often large distances separating their fixed
hosts. The mechanisms of virus-vector relationships often
studied and reviews on the subject are published frequently
[43]. Although the only well-characterized viruses yet de-
tected in conifers have soil-inhabiting vectors [47], others
with aerial vectors also play big role in infection transmis-
sion. A few polyphagous aphid species capable of transmit-

ting numerous viruses have been recorded on conifers:
Aphis fabae Scop, feeds and reproduces on species of
Larix, Picea, Tsuga and Pinus Aulocorthum circumflexum
(Buckton) on seedlings of Picea sitchensis Carr. [11]. If
concerning viruses which are transmitted by organisms,
which are well presented in soil, we can underline two main
vectors: fungi and nematodes. Fungus-borne viruses can
be split in two categories: (i) viruses belonging to the Tom-
busviridae family, which have isometric particles and are
transmitted by Olpidium spp. and (ii) rod-shaped viruses
mainly belonging to the Potyviridae or to an unassigned
family that are transmitted by plasmodiophorids [45]. Para-
sitic fungi are coming in contact with their host plants under
the form of motile zoospores, which can digest the root cell
wall and penetrate into the cytoplasm, from where they will
colonize the whole plant. Two different patterns of virus
transmission exist. Some viruses, for instance in the genus
Bymovirus, are present within the fungus cytoplasm early
during formation of the future zoospores in infected plant
cells. They will remain inside the zoospore until its cyto-
plasm is injected in the next host cell. In other cases, for
instance in cucumber necrotic virus (genus Tombusvirus),
the best-studied example of a fungus-transmitted virus,
virions are specifically retained at the surface of the zoo-
spore envelope, and inoculated into the plant upon cell wall
digestion and fungal penetration. In this case, the receptors
of the vector were partially characterized. They have been
shown to be distributed at the surface of the zoospore of
Olpidium bornovanus, and their chemical nature was identi-
fied as a glycoprotein. Some other viruses are transmitted
from plant to plant by soil-inhabiting plant parasitic nema-
todes [52]. Known vector nematodes belong to the families
Longidoridae (longidorids) and Trichodoridae (trichodorids)
and transmit nepoviruses and tobraviruses, respectively.
These nematodes are ectoparasites that remain outside
the roots while feeding on epidermal cells located just be-
hind the root tip. Transmission is a noncirculative process
in which virus particles are retained at specific sites on the
surface of the esophagus. Nematodes can transmit virus
even after serial feeds on noninfected tissues and retain
virus for periods of months. However, it was shown that
transfer of infection from nematodes to trees can be pre-
vented in some way, thus forest pathologists are able to
reduce spread of nematode-transmitted viruses by using
plant metabolites. Many plant constituents have been in-
vestigated for activity against plant-parasitic nematodes.
The conditions under which compounds are effective
against nematodes vary with the compounds [60]. These
active compounds, or precursors of active compounds, can
often be applied to soil as organic amendments, or refined
and developed as biopesticide compounds.
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To date, only a few comprehensive studies have at-
tempted to detect viruses in forest soils and somehow
classify them. One of them was done in forest soils in New
York State [20]. Objectives of the survey were to evaluate
elution and bait plant methods to detect infectious to-
bamoviruses. Soils were collected from two forest sites:
Whiteface Mountain (WF) and Heiberg Forest (HF). The
effectiveness of four buffers to elute tomato mosaic to-
bamovirus (ToMV) from organic and mineral fractions of
WF soil amended with ToMV was tested, and virus content
was assessed by enzyme-linked immunesorbent assay
(ELISA). The effectiveness of Chenopodium quinoa (Willd.)
bait plants to detect the virus also was tested. Both meth-
ods then were utilized to detect tobamoviruses in 11 WF
and 2 HF soil samples. A phosphate buffer (100 mM, pH
7.0) eluted more ToMV from soil than the other buffers
tested. Mineral soil bound more virus than organic soil.
Virus recoveries from virus-amended organic and mineral
soils were 3 and 10%, respectively, and the detection sen-
sitivity was 10 to 20 ng/g of soil. Roots of bait plants grown
in all virus-amended soils tested positive by ELISA, and
virus concentrations averaged 10 ng/g. Both ToMV and
tobacco mosaic tobamovirus (TMV) were transmitted to C.
quinoa by elution from one of two HF soil samples but not
from the WF soil samples. A tobamovirus was detected by
bait planting in 12 of 73 (16%) root extracts representing 5
of 13 soil samples (38%). Tobamovirus-like particles were
seen by transmission electron microscopy in 6 of 12 in-
fected root extracts. After the experiment was done, it was
stated that Tobamoviruses occur in forest soils in New York
State. Abiotic soil transmission to trees may permit local-
ized spread and persistence of these viruses in forest eco-
systems. Another experiment was conducted in the Ger-
man forests (10). Precedence was next: samples were
collected from the area near the base of trees and seeds of
some of the herbaceous virus indicator hosts were then
planted in the soil which contained the samples and these
plants were indexed for viruses. In the end of the experi-
ment the majority of viruses were identified as Potex-, To-
bamo-, Potyviruses (potato virus Y group), and TNV iso-
lates. More than half the recovered viruses were potexvi-
ruses. PVSi was recovered twice directly from the roots of
European beech (Fagus sylvatica), and from soil/root sam-
ples from beech, pine, oak, and spruce forests (30%, 30%,
20%, and 18%, respectively). Other viruses were detected
as well. Tomato mosaic virus (ToMV) was detected in soil
samples from pine, spruce, beech, and oak forests. It
should be mentioned that there are always some factors
which are significantly decrease quantity of viruses which
could have been detected in soils. These are: (i) non-
mechanically transmissible viruses were not surveyed, (ii)
specific vectors (like nematods or/and fungi) might have
not been present in all soil samples, (iii) the indicator plants
might have not been sensitive to all the viruses presented
in the samples, etc. In addition, there are many factors
which determine the survival and spread of soilborne vi-
ruses. For example, soil qualities. Those may limit the
spread of viruses with nematode vectors, so the survival of
viruses in soil depends to a certain extent on their adsorp-
tion to clays. Adsorption may be affected by pH, with the
consequence that low soil pH may prolong virus survival in
soil in orested areas.

Many plant viruses have been also recovered from rivers
and lakes, primarily in Central Europe [32]. Potex-, tombus-,
tobamo-, and cucumoviruses (cucumber mosaic virus group)
were detected along with ungrouped or as yet unidentified
viruses [33]. The most important trees for forest ecosystems
and forestry in particular include some of coniferous and
deciduous trees so the main researches for identifying vi-

ruses specifically in these trees direct the need of observa-
tions. Some viruses of forest trees are listed below.

OAK. Yarwood & Hecht-Poinar [40] described a virus
resembling TMV (Tobamovirus) in oak in California. Sub-
sequently, the virus was detected in buds and young
leaves of 11 symptomless species of Quercus and Litho-
carpus [59]. The virus was transmitted from oak to herba-
ceous plants by conidia of the powdery mildew Sphaero-
theca lanestris Harkn. [35]. In the mountains of the Rhine-
land, TMV was isolated from oaks displaying chlorotic
flecking, mottling, and mosaic on deformed leaves. Viruses
were observed in young oak seedlings after mechanical
transmission [36]. TMV-like particles were detected in
symptomatic oak in Germany, but mechanical transmission
tests were unsuccessful. Similarly, Horvath and coworkers
[29] detected TMV-like particles in malformed leaves of
turkey oak (Q. cerris). A mosaic disease of blackjack oak
(Q. marilandica) in the United States was graft-
transmissible, but attempts at mechanical transmission
were unsuccessful [6]. Other possible members of the
group, such as potato mop-top virus, may be transmitted
by root-infecting fungi (Plasmodiophorales: Spongospora
subterranea Lagerh). Some virus-like symptoms such as
distinct chlorotic lesions, ringspots and chlorotic mottle
were observed on leaves of oak trees and seedlings
(Quercus robur L) growing at several forest stands and
nurseries in north Germany. Investigations by serological
means demonstrated that the agent of virus-like symptoms
of oak were not tobacco mosaic virus, tobacco necrosis
virus, brome mosaic virus and cherry leafroll virus but were
related to the cryptic virus group [9].

ASH. Virus-like diseases of European ash consisting of
mosaic and leaf deformation have been described in
Europe [8,39]. Viruses are widespread in the ash popula-
tion affected by decline. Tobacco ringspot virus (TRSV),
tobacco mosaic virus (TMV), and tomato ringspot virus
(TmRSV) occur in ash in New York State [12]. The first two
viruses were associated with foliar viruslike symptoms on
ash in the field, but virus infection was not correlated with
dieback. Virus particles resembling TMV, however, were
detected in Quercus spp. and Acer spp. [22] in conditions
that suggest that natural spread might have occurred with
the aid of the powdery mildew fungus (Sphaerotheca
lanestris Harkin). As for TmRSYV, it first was identified in
stump sprouts of a white ash that had declined was asso-
ciated with foliar symptoms [19]. CLRV is another example
of infection agent in trees [5]. Nienhaus and Hamacher
transmitted a CLRV isolate to white ash (F. americana)
seedlings that subsequently developed chlorotic spots,
ringspots, and line patterns. Similar symptoms on Euro-
pean ash in the U.K. were associated with ArMV [17]. The
trees became infected when growing in soil infested with
viruliferous nematodes. Similar symptoms on European
ash in the U.K. were associated with ArMV. The trees be-
came infected when growing in soil infested with virulifer-
ous nematodes. ArMV was mechanically transmitted to
seedlings of European ash and flowering ash (F. ornus L.),
which developed chlorotic local lesions, systemic chlorotic
chevrons, and a chlorotic mottle, respectively.

BIRCH. Birch decline is a serious disease in northeast-
ern USA and eastern Canada, affecting both white and
yellow birch (Betula papyrifera and B.alleghaniensis). Most
of the merchandable trees in the severely affected areas
were Killed in the 1935-55 period. Hansbrough [27] in 1953
transmitted a gold ringspot of white birch to seedlings but
did not associate this virus with the decline. Later Berbee
transmitted the line pattern of yellow birch to seedlings.
The line pattern symptoms on both species consist of
chlorotic lines forming oak-leaf designs, irregular rings or
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linear flecks, sometimes accompanied by a mild mosaic.
Until fully expanded, emerging leaves on infected trees
generally are symptomless and some infected trees have a
few, or no, foliar symptoms. These symptoms may be re-
stricted to a few leaves on a few branches. The leaves
remain on the trees until the end of the growing season.
Chlorotic tissue turns nearly white during midsummer. The
virus has been mechanically transmitted to Chenopodium,
cowpea, cucumber, squash, and bean. Serological and
host range studies demonstrate that this virus-causing line
pattern of birch is a strain of apple mosaic. Finally, Berbee
and Gotlieb concluded that apple mosaic virus (ApMV) was
responsible for such disease flow in symptomatic birch
[23]. It has been also reported that Cherry leaf roll virus,
CLRYV is widely distributed in birch trees. The abnormali-
ties, caused by CLRV were revied by Hamacher and oth-
ers. In CLRV-infected birch, the area occupied by vascular
bundles was reduced in comparison to healthy trees.
Phloem cells were partly collapsed or disorganized and cell
walls were thickened. Meristematic cells were deformed
and reduced in size or their development completely inhib-
ited. Sclerenchyma and collenchyma developed earlier
than normal and chloroplasts were malformed. Tannin ac-
cumulated in the epidermis, palisade, and spongy meso-
phyll cells of the leaf laminae. Parenchyma cells of peti-
oles, leaf laminae, and veins became necrotic. Young roots
of diseased trees showed collapsed cells in the pericycle
and endodermis and an accumulation of phenolic com-
pounds [25]. It was also shown that CLRV is widely distrib-
uted in B. pendula and B. pubescens throughout the Fin-
nish forestry region [31]. Furthermore, dwarf birch, moun-
tain birch, Kiilopaa birch and curly birch were confirmed to
be previously unkown hosts of CLRV [55]. The main route
of CLRV dispersal in birch in natural habitats is assumed to
be pollen and seed transmission, which has been studied
in detail before [15].

ELM. Recent investigations in forest, nurseries and pub-
lic gardens have shown that viruses are widely spread in
deciduous trees including elm trees (Ulmus sp.). Biological,
serological and electron microscopic assays showed that
viruses of elm trees such as Cherry leaf roll virus (CLRV),
Elm mottle virus (EMoV), Arabis mosaic virus (ArMV) and
Tobacco ringspot virus (TRSV) are present in some of the
German parks and forests [3, 4]. EIm mottle virus of Ulmus
minor was also reported to be found in Croatia [44]. In the
United States, a graft-transmissible disease of American elm
(U. americana L.) was reported in Ohio in 1927 [51].

MAPLE. Maple mosaic, maple line pattern or maple
variegation virus reported from Europe, but apparently pre-
sent in the northeastern United States also [2]. In 1980 it
was reported that chlorotic spotting of the leaves was ob-
served on several Acer saccharum seedlings, 2-3 years old,
in Sainte-Anne-de-Bellevue, Canada. Symptoms induced on
indicator plants inoculated with homogenate from affected
leaves resembled those produced by tobacco mosaic virus.
Concentrated preparations showed a UV spectrum like that
of TMV and reacted with antiserum to an ash strain of the
virus. Rod shaped particles were detected in leaf prepara-
tions of Acer and tobacco and in purified preparations [34].

BEECH. The most economically important deciduous
tree for some of the European forest industries is European
beech (Fagus sylvatica L.). Thereby, necessity to inspect
viral diseases of this plant family seems to be obvious for
economical and biodiversity reasons. In the U.K. and East
Germany beech displaying chlorotic leaf mottling and spot-
ting were reported [48]. TBRV was identified in sympto-
matic trees. Nienhaus and coworkers [38] isolated potex-
and potyviruses from trees with similar symptoms in West
Germany. One isolate was serologically identical with PYX,

another with PVSi, and a third with bean yellow mosaic
virus (BYMV) [58]. European beech trees infected with
cherry leaf roll virus (CLRV) or brome mosaic virus (BMV)
often exhibit irregular, meandering growth of branches and
sometimes develop clawlike twigs with reduced internodes
[26]. Single branches or twigs, particularly in the upper part
of the canopy, may die, thus giving the tree a bristle ap-
pearance. The wood of virus-infected branches and twigs
is brittle and dry. Leaf symptoms appear on single twigs or
branches beginning during June. Young trees usually show
more pronounced leaf symptoms than older trees. CLRV-
infected leaves exhibit chlorotic line patterns, mosaic, or
yellow stippling. Common leaf symptoms are small size,
curling, and reduced growth of veins accompanied by chlo-
rosis that becomes bright yellow.

CONIFERS. Viruses infect many conifer trees species
in forest ecosystems [21]. Several coniferous species have
been infected with viruses via the root system [28], where
infection remained localized. There also have been reports
of systemic virosis of conifers. Cech and coworkers [14]
described an aphid-transmissible virosis of Norway spruce
in Czech Republic. The disease was aphid- and graft-
transmitted and rod-shaped particles were detected in
needle and twig exudates in both symptomatic trees and
inoculated seedlings. Biddle & Tinsley [7] observed VLPs in
sap exudates of Sitka spruce with needle chlorosis and
defoliation in the U.K. Rod-shaped VLPs also were ob-
served in western white pine (P. monticola) and Scots pine.
In 2006 a new virus was found in Pinus sylvestris L. in dif-
ferent pine populations in Germany and Hungary [13]. On
the basis of sequence comparison with different RNA vi-
ruses and phylogenetic analysis in was assumed that virus
proteins from pine show highest similarity to the homolo-
gous proteins of Beet cryptic virus 3 and of a cryptic virus
of Pyrus pyrifolia. It should be mentioned that Cryptovi-
ruses have not yet been reported to occur in Gymno-
sperms.There was also a report from USA, where scien-
tists found tomato mosaic virus in red spruce trees on
Whiteface Mountain, New York (54). By all above men-
tioned, we may conclude that viruses of conifers are wide-
spread not only in Nothern and Central parts of Europe but
also in transatlantic countries.

Preffered methods for studying viral diseases of forest trees.

Viruses of woody forest plants and of their seeds are
known to be difficult to detect due to phenolic compounds
in plant extracts and an often irregular distribution or the
low concentration of the pathogens within the plants and
seeds when using serological methods as a tool. But still
these methods have to be regarded as important diagnos-
tic tools when considering the restricted capacity of the
test. The objectivity of electron microscopy has increased
by the use of immunological reagents, but more up-to-date
methods of detection are preferable for searching viruses
in woody plants. The ELISA is one of the most sensitive
immunological system. It was reported [18] that poplar mo-
saic virus was successfully detected in infected trees using
ELISA method. Methods which detect nucleic acid are of-
ten essential when the pathogen being sought lack protein.
A new perspective for the diagnosis gives the combination
of grafting plants to transmit the pathogen to host plants
and a modified technique of the polymerase chain reaction
(PCR) as well as the hybridization technique to detect the
assumed pathogen. The PCR and hybridization technique
are sensitive methods to detect viruses of smallest amount.
Werner et al. [57] evaluated a method for detecting cherry
leaf roll virus (CLRV) in seeds of birch and concluded that
PCR followed by immunocapture-reverse transcriptase is
the most sensitive way to detect the viral RNAs without a
radioactive detection, which makes the system cheaper
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and more reliable for routine use. In comparison to ELISA
techniques RT-PCR approaches represent a remarkable
improvement in sensitivity [41]. The advantages of PCR as
a diagnostic tool include exceptional sensitivity, speed, and
versatility. PCR is generally 102 to 105 times more sensi-
tive than enzyme-linked immunosorbent assay, the widely
used serological diagnostic benchmark. Sensitivity is of
particular importance when viruses occur at low concentra-
tion (dormant plant tissues, woody tissue) or are unevenly
distributed. Applications of PCR-based plant virus diagno-
sis usually include the following:

1. Germplasm screening;

2. Field surveys to determine virus incidence and geo-
graphic distribution;

3. Provision of virus-free planting material;

4. Domestic and international plant quarantine;

5. Detection of mixed virus infections;

6. Analysis of virus distribution in different plant tissues;

7. ldentification of alternative host plants;

8. Evaluation of virus-resistant or -tolerant cultivars;

9. Analysis of virus transmission by insect, nematode,
or fungal vectors.

In the early 1990s, the newest method of DNA amplifi-
cation, the polymerase chain reaction (PCR), was intro-
duced for plant pathogen detection. It provides a method of
exponentially amplifying specific DNA sequences by in vitro
DNA synthesis. Depending on the specificity of the primers,
the amplification products can provide both narrow and
broad detection capabilities for various isolates of a patho-
gen. For the application of viral RNA sequences to PCR,
cDNA is synthesized by reverse transcription (RT) and
amplified by PCR (RT-PCR). With the availability of nucleo-
tide sequences for many plant viruses and their strains, the
development of RT-PCR assays for the detection and di-
agnosis of viruses in plant tissues and vectors has become
feasible [50]. PCR methodology has been extensively ap-
plied to detect viroids, viruses, bacteria, mycoplasma-like
organisms, fungi, and nematodes infecting various plant
species [24]. This has opened new avenues for epidemiol-
ogical studies such as for analysis of molecular virus-vector
interactions and virus localization in the vector and it may
enable the development of novel approaches for the con-
trol of virus spread by vectors. Successful virus detection of
tobra- and nepoviruses has been reported in viruliferous
soil-inhabiting nematodes [53]. RT-PCR for the detection of
viruses is severalfold more sensitive than ELISA. Whereas
ELISA detects virus concentrations in the lower nanograms
or picograms, RT-PCR is capable of detecting viral nucleic
acids in femtograms (fg). Thus, the prospect of detecting
plant viruses by RT-PCR has increased, especially those
which occur in very low concentrations in their vectors,
e.g., nonpersistently transmissible viruses.

Inhibitors of RT or PCR can be effectively eliminated by
capture of virus particles (Virus-Capture PCR) from crude
plant tissue or vector extracts by the surface of polypropyl-
ene PCR tubes or microtiter plates or by polystyrene ELISA
plates.Components of crude plant extracts that would oth-
erwise inhibit RT-PCR are washed away. Immunocapture
PCR appears to be the method of choice when specific
antisera are available and highest sensitivity is required
[30, 46], e.g., for certification of virus-free planting material.
Immunocapture of serologically diverse virus isolates or
multiple strains/species requires broad-spectrum antisera
or a mixture of different antibodies. Immunocapture PCR or
RT-PCR works reliably for the entire spectrum of plant vi-
ruses, including enveloped tospoviruses [56].

These biological and molecular techniques have given
a large tool kit for the detection and diagnosis of plant vi-
ruses, thus researches may be done in various ways. But if

one wishes to determine whether a plant is virus infected,
say for quarantine purposes, one does not necessarily need
a sophisticated technique that identifies a virus strain. On the
other hand, if one is studying the durability of a potential
resistance gene (or transgene) it is very useful to have an
understanding of the range of variation of the virus. Thus,
one has to select the best technique for what is wanted.

Conclusion. Recent researches found that viruses are
predisposing factors leading to early senescence of trees.
Senescence reduces the regeneration capacity of the host
plants, and the juvenile metabolic vigor is lost. Viruses pre-
dispose trees to other damaging factors and lead to prema-
ture senescence. Under abiotic stress conditions the in-
fected trees have less potential for recovery from inciting
factors than non-infected trees. All these events may and
should be controlled by measures, which prevent or at
least decrease extent of impact of diseases caused by
or/and associated with viruses. When decisions are made
over which control measures (biological, chemical, phyto-
sanitary, etc.) to deploy and whether to use a measure
alone or together with others, the implementation of chosen
methods should be done with full responsibility. Some virus
control measures are generic, while others are so specific
that they only apply to particular pathosystems in certain
agro-ecological situations. In fact, to be adopted control
measures also need to be ecologically sustainable, robust,
affordable and compatible with standard agricultural prac-
tices. For example, a particular type of control measure
may be unsuitable for environmental or socio-economic
reasons as chemical control may cause build up of toxic
residues that are harmful to mankind, domestic animals
and wildlife or there is unforeseen accumulation of damag-
ing pests or other pathogens and its use is prohibited en-
tirely in true 'organic'production systems (42). If nurseries
are considered, elimination of virus-infected nursery stock
can prevent the introduction of viruses into new areas. Vec-
tor control should be considered in nurseries. For sure, If
we chose plants from nurseries without testing them on
presence or propagation of any kind of viruses or virus po-
tentially-related vectors it might later expand into infection
over a large area (for example, public gardens, national re-
serves, etc.). The spread of viruses in seed can be pre-
vented by appropriate indexing programs and the production
of seed and propagating material from virus-free trees.

Virus infections in forest plants pose a worldwide chal-
lenge to achieving satisfactory yields and quality of pro-
duce. But nowadays, the role of viruses which affect and
persist in forest trees and presented in forest soils is ne-
glected. As were mentioned in this article, many viruses of
forests haven't been identified yet or their influence on the
flow of some associated with viruses diseases haven't
been studied properly. Thus, we can not estimate correctly
what are the main causes of diseases — whether they
caused by microbiological agents or by virological agents.
Consequently, the role of viruses may be far underestee-
mated for forest biodiversity, forest protection services and
forestry-based industries. Knowledge of viral processes is
necessary for the nature of plant ecosystems and this basic
concept illustrates our vision very well — the more we know
about viruses the more we can affect them and regulate
their pathogenesis. Hopefully, an increasingly sophisticated
and diverse range of molecular control methods are be-
coming available to meet the challenge for virological de-
tection and identification. For example, the development of
molecular techniques reveals the characterization of DNA
or RNA virus genomes and their properties. From the taxo-
nomic viewpoint, this has led to a large increase in the
number of plant virus species and genera that have been
distinguished and also to the establishment of quantitative
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criteria to delimit different species [1]. Concerning plant
pathology, these methods have given a huge toolbox for
scientists for fast and accurate work with yet unknown in-
fection agents. In conclussion, maintaining the vigor of our
forests by using modern techniques and practices for iden-
tification, control and prevention of virus-related processes
in trees and soils should be main priority for modern day
plant pathologists across the globe.
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