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Introduction

A lethal root and collar rot disease of alder (Alder sp.) caused by an undescribed
species of Phytophthora, was first observed in the UK in the early 1990s. Subse-
quent surveys have found the pathogen very damaging and spreading on alder in
many other parts of Europe, particularly in Central Europe. The disease poses a
significant threat to natural and managed alder stands in Europe and threatens the
stability of riparian ecosystems. Also, the disease likely poses a similar threat to al-
ders on other continents, such as North America and Asia. In 2001 the Phyto-
sanitary Alert System posted an alert about the alder Phytophthora. At that time the
fungus was still not described. In 2004 Brasier et al. formally described the causal
agent as Phytophthora alni and considered it a probable hybrid between two other
Phytophthora species. Brasier et al. subdivided the species into three variants; a
standard hybrid designated as P. alni subsp. alni, a Swedish variant called P. alni
subsp. uniformis, and a Dutch, German and UK variant called P. alni subsp.
multiformis. The pathogen’s spread was shown to be associated with water courses,
as well as with infected nursery stock.

The main objective of the performed research experiments was to fill gaps of
knowledge concerning:

* the size and consequences of the alder decline phenomenon in Poland,

» organisms involved in the process of alder decline in Polish case study,

* risks from phytophthorosis to alders in nurseries, stands and riparian ecosys-
tems,

 effective methods of detection and isolation of Phytophthora from diseased tis-
sues, soil and water (used for watering plants),
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* possibilities to identify isolated species of the genus Phytophthora,
* reducing the spread and further development of this disease.

The size and the consequences of alder decline in Poland

In Poland analysis of data obtained from the forest districts revealed that in-
creased dieback of alder stands is being observed particularly after 2001, though
the first reports of alder disease appeared in the questionnaires sent in to the For-
est Research Institute in 1999. The disease appeared only in three regional direc-
torates of State Forests, the total area of 31 ha (of which 25 ha in older stands). In
2000 the surface of dying alder stands in Poland increased tenfold, as compared to
1999. In the next two years (2001, 2002) damage of alder stands intensified - re-
spectively on 847 and 2690 ha, and in 2002 the disease occurred in nine regional
directorates. Next sharp increase in the surface of damaged alder stands occurred
two years later, especially in stands of older age classes, within the Regional Direc-
torate of State Forests in Bialystok, Lublin, £6dz, Olsztyn and Warsaw. Till 2005
the damaged area of younger stands slowly increased and reached the level of
about 500 ha but in subsequent years, decline phenomenon has gained momen-
tum again (especially in 2005), when more than 2,000 ha of damaged alder stands
in RDSF Wroclaw were recorded, including forest in: Watbrzych (800 ha), Miedzy-
lesie (710 ha) and Olesnica (432 ha). In the same year the total area of damaged al-
der stands was estimated as almost 5,000 ha and the phenomenon occurred in 17
RDSEF. In addition to a significant increase of damaged area in Wroctaw region, al-
der stands were also declining in RDSF Olsztyn. In 2006 the area of damaged
stands has already reached 6,000 ha. The problem continues to concern the health
of older stands, where intensive sanitary cuttings were performed. Although in
2007 this age group significantly improved (only half of the damaged area of 2006)
but this could have resulted from sanitary thinning, and an increase in the dam-
aged area of alder stands still has to be expected in the future. Given the fact that
the problem of dying alder stands in Poland concerns different age classes and
varying degrees of foliage and appears on habitats typical of this type, i.e. alder
stands (Ol), alder and ash stands (Ol-Js) and moist forests (Lw), as well as riparian
forests and even in the meadows, foresters may expect big problems while regener-
ating these habitats.

The organisms identified in the tissues of dying alder
in Polish nurseries and stands

Samples were collected from alders at the age from 0.5 to 90 years, growing in
nurseries, along rivers in the central basin of the Vistula, as well as in mixed (alder
and ash) stands. In the tested plant material taken from 10 forestry areas Phyto-
phthora alni subsp. alni has been identified. Alder has been dying on both four- and
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ten-year-old plantations. In addition to Phytophthora also fungi such as Botrytis
cinerea, Fusarium culmorum and F. solani were found. These species are known patho-
gens of many plants and their isolation from tissues of alders indicates that they
probably evolved in tissues previously infected by Phytophthora. Noteworthy is
finding Chaetomium globosum and Trichoderma spp., which are known antagonists of
many pathogenic species, including P. alni. Studies on the species composition in
alder tissue aged 5 to 30 years showed the presence of P. alni — a species found in all
samples from the 10 investigated forests. Out of the 14 species of organisms (ex-
cluding P. alni) also B. cinerea, Pythium ultimum and four species of the genus
Fusarium were found. Results of microorganisms isolation from declining alder for-
ests indicate to the prevalence of P. alni. In Polish rural areas and parks (e.g.
Zyrardéw) the P. alni subsp. multiformis was found for the first time (data placed in
NCBI). Diseases of shoots could be caused by species of the genus Cryptosporiopsis,
such as cankers or local dying tissue by B. cinerea, F. avenaceum, F. culmorum and F.
solani. In 2004 the occurrence of P. alni in five-month-old seedlings displaying
symptoms of apical leaves yellowing was recognized for the first time in Poland. In
a few of them the youngest roots were brownish, and on other ones rot at the base
of stems was noted. Phytophthora was accompanied by B. cinerea, F. solani, P. ultimum
and Rhizoctonia solani. All these species can cause root and stem rot of alder seed-
lings, particularly in the early weeks of their development. Noteworthy is the fact
of isolation of a new species — Pythium quercum.

Analysis of the population of Phytophthora in soil taken from 4-11-year-old al-
ders (exhibiting the above-described symptoms of disease or only having brown-
ing root tips) revealed the presence of P. alni in the soil profile (5 to 15 cm), with
the largest number of propagation units at a depth of 15 cm (Oszako and
Orlikowski 2005). The fact of P. alni isolation from infected roots and stem bases of
several years old alders demonstrates the probability of the pathogen survival on
the roots of seedlings of forest stands or plantations.

The threat caused by Phytophthora alni

Phytophthorosis is undoubtedly a new threat to seedlings and forest trees.
There are about 80 species of Phytophthora pathogens described in nature up to
now, most of which is linked to the soil environment. Future threat from phyto-
phthorosis could be seen also as a danger of new Phytophthora species emergence:
gene recombination or somatic cell fusion may result in new organisms more viru-
lent than the parental forms. Type of Phytophthora also easily create interspecific
hybrids, as it was the case of the P. alni subsp. alni (Brasier et al. 2004). Particularly
favourable conditions, in this respect, prevail in nurseries where many species of
cultivated plants are grown together, often accompanied by the causes of their dis-
eases. Such conditions do not exist in nature. In 2007 in nursery soil in the vicinity
of alders, P. citricola, P. cactorum and P. gonapodyides were detected. Although these
species were occurring throughout the whole growing season, they were most of-
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ten isolated in October (Oszako et al. 2007). New pathogens can be brought into
nurseries and distributed with tree seedlings to forest plantations or riparian eco-
systems and from there they may be further spread with the flow of rivers. In 2006
in the Forest District Koto near river Ner the new species Phytophthora polonica was
found in declining alder stand (Belbahri et al. 2006). However, artificial infections
showed its weak pathogenicity to alders. Some alder stem discoloration was ob-
served an average of 8.5 mm in length (from 6 to 11 mm), whereas control stems
remained without symptoms of infection. The pathogen was reisolated from dis-
eased tissues on PARP selective medium to fulfil the Koch'’s rules.

Methods for detection and isolation of species
of the genus Phytophthora

In comparison with other pathogens, most species of Phytophthora are much
more difficult to isolate from the diseased plants, soil or water. The isolation from
plant tissues should be performed quickly and from an active infection place (can-
ker), because the ability of Phytophthora to compete with other microorganisms is
very limited (Erwin and Ribeiro 1996, Martin et al. 2004). Therefore, samples of
wood from diseased trees were collected from fresh cancerous necrosis on the bark
of tree trunks (often accompanied by visible amber drops). Some pieces of wood
were taken after removing bark and searching the place where the pathogen is
most active; the majority of such places are very well visible under the outer bark
where an extensive necrotic tissue (at the border of healthy and dead tissue) is well
visible. The common cause of failures in the pathogens isolations is plant tissues
desiccation (Kox et al. 2002, Garbelotto 2003). In order to increase the activity of
Phytophthora in soil samples the baiting method has been developed. As a specific
plant trap, an immature fruit (e.g. apples or pears) or vegetables (cucumbers, to-
matoes) or seedlings (lupine and alder) as highly susceptible to Phytophthora spp.
can be immersed in water (Themann et al. 2001, Streito et al. 2002). Later, small
pieces of tissues were removed from the fruit or vegetables and transferred on the
media. Soil samples taken from lustrated stands (from a depth of 10-15 cm, in four
locations around the trunks of diseased trees) similarly as samples of infected bark
or sapwood (taken from symptomatic roots or stems) were put into the holes of
apples or cucumbers. The holes were closed again with pieces of peel and wrapped
with stick tape. After several days of incubation in plant trap infection proceeded
and tissue rot developed. In the laboratory, as recommended by Jeffers and Martin
(1996) and Erwin and Ribeiro (1996) the fragments (from the border of healthy
and dead tissue where the pathogen was the most active) were collected and then
put on the media (PDA or selective), to ensure the active development of patho-
gen. The fruit acids inhibited the growth of undesirable fungi which, under normal
laboratory conditions rapidly overgrow the media, making detection of slower
growing pathogens impossible. Another possibility to detect pathogens in the
stands was collection of bulk soil samples (as described above) and after thorough
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mixing putting them into pots poured with water (approximately 1 cm above soil
level) for initiation of sporangia growth (Oszako 2006). Then, on water surface
healthy leaves (preferably rhododendron, but also young, healthy leaves of oak or
alder) were placed to float. Rhododendron leaves are susceptible to 17 species of
Phytophthora, while oak and alder are attacked only by the pathogens of these trees.
Flooding the soil stimulates natural processes of zoospores formation. In a natural
way (e.g. in a river) they actively swim toward the surface, where they find leaves,
and start infection. This causes on leaves (or apples at the level of water) formation
of brown spots after a few days. These fragments are cut out and deposited on me-
dium to generate pure cultures of pathogens for further identification (by conven-
tional or molecular methods). Water samples taken from the nurseries or the
rivers were subjected to filtration using different pore size of filters (initial 11 um),
the filters were then cut (8 and 4 um) and placed on selective medium (with antibi-
otics) in order to breed Phytophthora and identify them (Oszako 2002).

Identification of species of the genus Phytophthora

The need of reliable and rapid techniques for the pathogens identification has
resulted in successful use of molecular methods such as PCR in order to reproduce
some specific sections of DNA sequencing of ITS regions of ribosomal DNA. Other
mitochondrial genes are also used, as coxll, cox] and NADH dehydrogenase sub-
unit 5 (nad5) or nuclear genes such as B-tubulin (Schubert et al. 1999, Nechwatal
et al. 2001, Grote et al. 2002, Ivors and Garbelotto 2002, Kox et al. 2002,
Garbelotto 2003, Martin et al. 2004).

Development of research on evolutionary phylogeny of Eukaryotic organisms
and the presence of oogonia and antheridia in sexual reproduction of Phytophthora
resulted in their classification to the class of Oomycetes. In addition to molecular
studies, morphological characteristics of isolates were used to identify species.
Method based on real-time PCR has allowed the identification of subspecies of P.
alni (Oszako et al. 2006). Fast and efficient (albeit expensive) identification of spe-
cies within the genus Phytophthora was performed based on DNA fingerprint tech-
nique and by DNA sequencing. Results of DNA sequencing (ITS) are included in
the international gene bank NCBI and therefore this information can be used to
identify already known isolates (Oszako 184 records in the NCBI gene bank).

Sources of alder infection by Phytophthora
and the possibility of disease control

Contaminated alder seedlings in nurseries which are next planted in forests or
along rivers (with soil attached to their roots) are the primary source of infection.
The contaminated soil saturated with water (after heavy rainfall) is an incentive for
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mass production of P. alni zoospores which move further along with the flow of
river to surrounding stands. Young shoots, leaves or seeds fall into the contami-
nated water or soil and are infected, then are spread with water courses or wind,
tires, shoes or hooves of animals. Effusions of tree juices appearing on trunks are
luring for snails and insects, which may transmit the pathogens in the higher parts
of tree trunks or on neighbouring trees. Zoospores swim with the tide water at the
surface and encounter trunks of trees in their path, then adhere to them and start
to germinate causing infection of tissue. Performed studies indicate the potential
use in forest nurseries of several measures to protect the seedlings from phyto-
phthorosis, without negative impact on the environment (Oszako et al. 2009).
One of them, Aliette 80 WP, contains fosetyl aluminium which decomposes
(within several hours) into phosphoric acid and acts most probably as elicitor of
plant resistance against pathogens. It can be used alternately with some biopre-
parations like Biosept 33 SL and Biochikol 020 PC as a part of the strategy promot-
ing integrated pest management. Among environmentally safe measures, highly
efficient, attention should be paid to Mildex 711.9 WG, based mainly on fosetyl
aluminium, with only a small addition of fenamidone, which strongly inhibits the
development of Phytophthora spp. Very good control was obtained using the
Infinito 687.5 SC containing propamokarb, known on the Polish market for several
years, but also fluopicolide, whose effect on Phytophthora spp. requires further
study. However, application of chemical agents is only justified when the cause/s
of the disease is/are recognized and appropriate preparations are recommended
for use in forests (the list of registered commercial products to be used in forestry
is being constantly updated). An alternative to chemical agents, may be the use of
crop rotation, particularly with suppressive plant species. Beneficial effect on re-
ducing the amount of pathogens’ inoculum in the soil can be obtained by periodic
cultivation of mustard and buckwheat. Buckwheat also contributes to removal of
Melolontha melolontha larvae from soil, which are a real scourge in recent years in
many parts of the country. In the commercial stands as well as in natural alder eco-
systems it is extremely difficult to stop the progress of phytophthorosis. If disease
symptoms on alder trunks are located high above the ground, it means that infec-
tion had occurred during the period of high water level. In this case, one can cut
tree trunks below place of infection, in order to get healthy sprouts from roots
(copies). It is based on the assumption that if the stem infection occurred as a re-
sult of flooding (heavy rains, spring thaw), when water was flowing out from the
banks of watercourses, it is very probable that roots of trees remain healthy. So, af-
ter cutting off a part of the trunk (lower than places of infection), new grown
shoots (developed from sleeping buds) are totally free from the disease. This is be-
cause zoospores always actively move toward the water surface and there, meeting
the tree trunks, begin the process of infection of tissues. Taking into account this
fact, in order to eliminate zoospores with water (as a source of infection), cut off
limbs and branches with shoots can be placed in a water reservoir in the spring.
They will act as a kind of trap crop. After a few weeks, however, they must be re-
moved and burned, which requires additional work, and therefore the action may
be justified only for protection of valuable forest stands. Several years of observa-
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tions conducted in alder stands and riparian ecosystems have revealed the exis-
tence of natural resistance within some copies of trees. Therefore an attempt to ob-
tain propagation material (cuttings for grafting, seeds) from healthy trees,
displaying resistance to disease could lead to solution of the problem. To achieve
this, creation of a selection program for alder resistance against P. alni is needed.

Preliminary studies conducted in Poland (in alder stands in the park of Ra-
dziejowice) and abroad (including Germany) indicate that application of phos-
phate starts defensive reactions expressed in the crowns of the trees as its
thickening due to increased number of living shoots. In tree cell walls in the pres-
ence of phosphorus cell receptors indicating infection are mobilized and resistance
reaction against pathogens is initiated. Timely applied sylvicultural procedures
(cleanings and thinnings), especially when performed before periods of drought,
usually reduce competition between trees and thereby improve living conditions of
trees in the stand making them more resilient to infections.

Specific conclusions

1. The mycological analysis of declining alder seedlings in Poland re-
vealed the presence of five Phytophthora species in diseased tissue: P. alni, P.
cactorum and P. citricola which were mostly isolated from stem tissues, and P.
cinnamomi and P. cambivora mainly isolated from the soil surrounding the root
zone.

The review of the current state of knowledge in other European countries
showed that P. alni also occurs in Germany, Austria, Great Britain and France.

2. Results of this study posed the hypothesis that P. alni in many cases is
responsible for alder root neck damage and associated crown dieback. This
pathogen causes rot and decay of roots, which promotes infections by Armillaria
spp. and/or injuries by flies — Dizygomyza spp.

3. Phytophthora alni was detected in alders representing different ages and
various habitats (stands within the basin of Vistula and Odra rivers, forest and
ornamental nurseries, parks and riverside trees).

4. Next to the Phytophthora-infested diseased tissue the tissue is often in-
fected by Fusarium spp. and B. cinerea. However, fungi E avenaceum (Fr.) Sacc., E
culmorum (WGSm.) Sacc., E equiseti (Cda) Sacc. and E solani (Mart.) Dreams. et
Hans. are not responsible for the mass dieback of alder trees. Some fungi are
common saprobes, decaying dead organic matter: Alternaria alternata Nees,
Cladosporium herbarum (Pers.) Link., Mucor spp. and Penicillium spp. Other may
cause necrosis and local tissue death: B. cinerea Pers., Cryptosporiopsis spp., Py-
thium sp., R. solani Kiihn. Still other were species antagonistic to Phytophthora
spp. and other pathogens, used in biological plant protection: Trichoderma spp.,
Chaetomium globosum.

5. Isolation of P. alni from soil nurseries indicates that the pathogen can
be passed on alder seedlings from nursery to crops and forest stands. This
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should be an incentive for forest districts, to examine the soil in their nurseries
for the presence of P. alni. Nurseries, where the pathogen is found should be
temporarily excluded from the subsequent production of alder seedlings. Other-
wise, no one can stop the development of the disease when infected plants are
planted in forest stands or riparian ecosystems.

6. Under Polish climatic conditions the source of P. alni are:

- contaminated seedlings growing in nurseries (nursery stock is often ex-
changed betwen forest and ornamental growers),

— contaminated soil in plantations or stands where the infected seedlings were
planted,

— alder seeds infected by contact with contaminated soil or water,

- young shoots or leaves, fallen directly into water or onto the soil, and then
dispersed with the flow of water or wind, tires, shoes or hooves of animals,

- snails and insects.

General conclusions

1. Alders play an important role on our continent, especially black alder
is an important element of the so-called climax forest and riparian ecosystems,
stabilizing the banks of watercourses. European alder species (black, gray and
green Italian) are a part of stands growing on difficult and inaccessible forest ar-
eas, so much concern of new emerging disease — phytophthorosis of alder is jus-
tified.

2. Expansion of P. alni, a new species specialized in damaging alder, may
lead in the coming years to irreversible changes in the riparian ecosystems of
our country and other European countries, causing serious economic problems.

3. European governments should use all legal possibilities in order to
guard against accidental transfer and spread of alien species of Phytophthora. The
fact that the species P. ramorum has infested large areas of forest in Oregon
shows that the supposition that Phytophthora species are unable to adapt to the
climatic conditions of northern countries was unjustified. From this point of
view, a common strategy for limiting the transportation capacity of infected
plants from country to country, seems very much needed. Quarantine regulations
may assist the control the suspect batch of seeds or plants (especially bonsai).

4. Phytophthora species can cause serious economic problem, if by sexual
recombination or somatic cell fusion new species or strains more virulent than
the parental forms are created. The unique ability of Phytophthora to hybridize
causes creation of interspecific hybrids with new quality characteristics. Tested
isolates of P. alni, represent three subspecies: P. alni subsp. alni, P. alni subsp.
uniformis and P. alni subsp. multiformis, and therefore a quantitative procedure for
their identification using real-time PCR of DNA was developed.
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5. In order to reduce development and spread of phytophthorosis in plan-
tations and stands (including riparian ecosystems) the following measures are
needed still at the stage of nursery:

— keep a careful selection of planting material, eliminating (burning) sick or
symptomatic seedlings,

- avoid moving around seedlings with soil, especially seedlings from nurseries
to plantations (if they have already displayed symptoms of phytophthorosis),

— monitor the health status of plants grown in nurseries, testing the occur-
rence of pathogens in the soil (for individual plots), and water reservoirs from
which water is collected for watering plants,

- periodically set aside plots (black fallow for minimum three years), in which
phytophthorosis occurred,

— sterilize tools between the treatments performed in different nursery plots
(“contaminated” and “free” from pathogens).

6. To detect and identify the causes of diseases the use of DNA analysis
can be recommended, as a fast and effective test. In case of Phytophthora recogni-
tion, all infected plants should be removed (with roots and soil), and remaining
plants should be treated with systemic fungicides as a preventive measure.
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