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Occurrence and Diversity of Soilborne Phytophthorasn a
Declining Black Walnut Stand in Hungary
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Abstract — The paper reports on the occurrence and imgaBhgtophthoraspecies in a declining
eastern black walnutlgglansnigra) stand in West Hungary. The health condition & tlees was
investigated and soil samples were taken from ltimosphere of the trees two times per year in 2011
and 2012 in order to isolaRhytophthoraspecies. Altogether 20 trees were selected fastiyations.
The species identity of the isolates was determibgdmorphological and molecular methods.
Phytophthora cactorunand Phytophthora plurivorawere found as supposedly responsible for the
decline of the trees. The abundance of the twoispetas changing at the different sampling times,
presumably due to the different weather conditidrtse intraspecific diversity of both species was
estimated based on the ITS1-5.8S-ITS2 sequendés asolates.

eastern black walnut /Phytophthora cactorum / Phytophthora plurivora / tree decline

Kivonat — Phytophthora fajok gyakorisaga és diverzidsa egy pusztulé feketedid allomanyban
Magyarorszagon A tanulmany egy pusztulé nyugat-magyarorszagetiekdié (uglans nigra)
allomanyban éffordulé Phytophthorafajokrél, és azok fadlloményra gyakorolt hatdsdudlosit. A
szerdk vizsgaltak a faadllomany egészségi Aallapotat,tvide talajmintdkat gjtottek a fak
gyokérzonajabdl aPhytophthorafajok kitenyésztése céljabdl. A vizsgéalatokat 2@gielolt fan
végezték, 2011-ben és 2012-ben, évente 2—2 alkadbnAm izolatumok azonositasa morfolégiai és
molekularis genetikai modszerekkel tortéRhytophthoracactorumot ésPhytophthoraplurivora-t
talaltak, mint a pusztulas valésifiithet okat. A két faj gyakorisdga eltérvolt a kilénb6a
mintavételi idpontokban, feltehéen az eltéf idéjarasi viszonyok miatt. A két faj diverzitasat az
izolatumok ITS1 — 5.8S — ITS2 szekvenciai alapjéodiilték.

fekete dié /Phytophthora cactorum / Phytophthora plurivora / fapusztulas

1 INTRODUCTION

Some species of the genBbytophthora(Oomycota are harmful and destructive pathogens
of forest trees (Hansen 2008).These species causerot, bleeding cankers or wilting

symptoms on susceptible forest trees (ErwRibeiro 1996). There are soilborne, waterborne
and aerial species within this genus. Inside asforer between woodlands, soilborne and
waterborne species can spread via irrigation watenind water or splashes. The spores of
the aerial species are delivered by the wind. Rihtwras can easily spread between
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countries or continents with infected plants ot.sbiventy-one percent of the invasive plant
pathogens in Europe belong to the geRbagtophthora(Santini et al. 2012). The impact of
these invasive pathogens is unpredictable (Brasialebber 2010). Under favourable
conditions, the ecological and economical loss mighhuge.

Up to 2010, 98 formally described species and Zispehybrids belong to the genus
Phytophthora (Ersek — Ribeiro 2010). The number of the described spegiesv and
expectedly will continue growing because of mudipasons: the available molecular tools
enable a quick and accurate identification, the lmemof Phytophthoraresearch groups and
the attention on forest Phytophthoras grows wordidwiand also because of the recent
evolutionary processes within the genus (ErsBlibeiro 2010).

Since the beginning of the 20th century, Phytoptatidnave been responsible for many
diseases and declines in European forests. Thelisdase of sweet chestnut spread as an
epidemic in the 192A940s and beyond the chestnut blight causedCbyphonectria
parasiticg it is still one of the main diseases@dstanea sativdvVannini — Vettraino2001)
Since the 1990s, an upswing is present in the nuwibepidemics caused WBhytophthora
species.Phytophthora cinnamomgéndangers a unige agroforestal ecosystem, the lEml ca
‘dehesa’ in the Iberian Peninsula by killing thelrhooak Quercus ilex and cork oak
(Quercus subérsince 1991 (Brasier 1996; Moralejo et al. 200&)e infected trees show
wilting symptoms and die within a few years. Theedise is spreading continuously.

A decline was noticed in the deciduous oak fore$tilorth- and Central-Europe in the
mid of the 1990s. The climatic instability, the chsioils with moderate water conditions and
Phytophthora species, likeP. cambivora P. citricola, P. gonapodyides, P. cactorum,
P. syringae, P. europaeand mainlyP. quercina played a role in this complex decline (Jung
et al. 1999, Jung et al. 2000, Balci - Halmsch|&§#3).

In 1993, a decline of riverside ald€Anus glutinosawas noticed in Great Britain. The
trees showed wilting symptoms. On the stem, caniadstarry exudations were observed
(Brasier et al. 1995). An unknowrhytophthorawas isolated from the infected bark samples.
The pathogen caused an epidemic across Europ898 it was found in Germany, Belgium,
in the Netherlands and France, in 1996 also inhauaind Hungary (Cech 1997, Szabd et al.
2000). The molecular analysis of the isolates shibbthiat it is a natural, interspecific hybrid.
It was formally described d@hytophthora alnin 2004 (Brasier et al. 2004).

Many Phytophthoraspecies were isolated from bleeding cankers faamdEuropaean
beech(Fagus sylvaticajrunks or soil samples from the rhizosphere oflidiexy beech trees
since 2000. These species &ecactorum, P. cambivora, P. citricola, P. plurraoand in
Great Britain, 2 invasive quarantine specke&ernoviaeandP. ramorum(Brasier et al. 2005,
Weiland et al. 2010, Jung 2009). The last two ssecan became an extreme threat to the
European and North-American forests. Pedunculate(@aercus robuy can be infected by
P. kernoviaetoo (Brasier et al. 2005), while many other trpecses, like North-American
coastal live oaks, Douglas-fiP§eudotsugaenzies), coast redwoodSequoia sempervirens
and yew Taxusbaccatg, and ornamental shrubs liRburnumspp, Rhododendrorspp,
Syringa vulgaris, Pieris spp and Vaccinium spp are also susceptible fd?. ramorum
(Grinwald et al. 2008). However, till 2009 tRe ramoruminfections in European forests
were local, mainly near highly susceptible vibursueind rhododendrons. An epidemic
similar to the North-American Sudden Oak Death waticed in 2009 in Japanese larch
(Larix kaempfen plantations in South-West England. This host jiefyzidates the potential
threats of invasive pathogens (Brasiéiebber 2010).

According to a previous research of the Institute&Sglviculture and Forest Protection,
(University of West Hungary, Hungarphytophthoraspecies infect common aldeklus
glutinosg, eastern black walnutlglansnigra), sessile oak@uercuspetraeg and Turkey
oak Quercuscerris) stands in Hungary (Szabd.akatos 2008, Szabo et al. 2013).
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Soilborne Phytophthoras in black walnut 59

The genusluglansconsists of ~21 taxa, with an extensive distrifrutirom East Asia to
the Americas. The black walnuts (SectiBhysocaryopare native to the Americas. They
include six North-American, three Central Americamd four South American species. An
other American speciegdyglanscinereg, native to eastern North America belongs to the
section Trachycaryon. The English walnlidlansregia, SectionJuglang is the only native
species in Europe. Its distribution is ranging fr&urope to China and the Himalayas. The
other species belonging to the Sectidardiocaryonare native to East Asia (Aradhya et al.
2007). English walnut is the most widely cultivatgglecies from the genus throughout the
world for nuts and also for timber production (Balio — Galli 2013). However, black
walnuts and hybrid rootstocks (i. e. Paradox roatst are widely cultivated, economically
important species, too.

J. regiaandJ. nigraare two economically important hardwood specigdungary. They
grow on marshlands and riparian sites. Although dstamds of eastern black walnut as an
exotic tree species cover only 0,5% of Hungary'®e$b area, the timber of this species is
valuable for furniture industry (Molnar — Barisk@ds).

The two closely related species share some comnggasks. One of these is the
Phytophthoraroot and collar rot of walnuts, which is an in@®eg cause of walnut loss in
Europe and also in North America (Belisario — G2011L3).

Twelve Phytophthoraspecies are known as pathogens of walnut speafés;ting
seedlings and also mature trees worldwide. Theseiesp areP. cactorum P. citricola,
P.cinnamomj P. citrophthora P. cryptogea P. megaspermaP.cambivora, P. drechsleri,
P. hedraiandra, P. nicotianae, P. palmivoead P. plurivora (Mircetich — Matheron 1983,
Belisario— Galli 2013).

There are no specific symptomsRiiytophthorainfection inJuglansspecies. Laboratory
methods are required to identify the cause of theike. Phytophthoraspecies can cause
various disease symptoms on different parts of thee. In the crown, wilting, small,
yellowish leaves or sudden death can be observedh®©stem, bleeding cankers, tary spots
or also large, dark, flame-shaped areas may bemres main symptom of the disease is the
rot of the root system. Usually the young feedetsalie first which is later followed by the
death of the older roots (Belisard@alli 2013). The development of visible symptoms
depends always on the amount of infected rootschvig in context with the inoculum
density of the soil. It can be a sudden death dusiammertime or a slow decline with a
progressive reduction of foliage and fruit prodontiover several years (Belisari@alli
2013). Sudden death is mainly characteristic tcedtidns caused byP. cinnamomi
(Belisario—Galli 2013). In the case of a slow wilting, theaofion may be undetected in the
first years. Some trees also can survive the iimfectvithout notable crown symptoms
(Belisario— Galli 2013).

The distribution of the pathogen, the infectiond #me disease severity is in context with
the soil moisture and the duration of soil satoratiBelisario- Galli 2013). However, trees
can be infected also by occasionally occurringdings (Vettraino et al. 2003).

In the early 2000s, decline of eastern black walduglans nigra stands was observed in
Hungary, in South-Danubian floodplain forests imn@@ac. The canopy of over 80 years old
trees showed wilting symptoms despite of adequatdasmidity and lack of any other visible
reason of the declind?hytophthoraspecies were isolated from the sl cactorumand
P. plurivora were the most frequently occurring species. Théqgnicity of these species
was confirmed by inoculation of black walnut seegé (Szabé- Lakatos 2008). Since that
time similar symptoms were observed in old blackmwastands in some other regions of
Hungary, also in the north-western part of the ¢gun

Many investigations have been done in the lastals#n order to better understand the
Phytophthoradisease of English walnut. Matheron and Mircetmbinted out that the

Acta Silv. Lign. Hung. 9, 2013



60 Kovacs, J. et al.

susceptibility ofd. regiaseedlings again®. citricola shows seasonality. Their susceptibility
is higher in summer and in the beginning of aututhan from late autumn to spring
(Matheron-Mircetich 1985a). Vettraino et al. showed that five most frequently isolated
Phytophthoras cause different symptoms under time g@nditions. According to their study,
P. cinnamomiis the most pathogenic species against EnglismujaP. cactorumand
P. cambivoraare slow colonizers which damages also latera foots, whileP. citricola
causes the rot of lateral fine roots, but doesdaatage the taproot (Vettraino et al. 2003).

Our aims were to study the changes of health comditf an affected stand, the diversity
of soilbornePhytophthoracommunity in the rhizosphere of the trees, to tiestpathogenicity
of the isolated species agaidshigraseedlings and to study whether there is a sedagooal
not in thePhytopthoracomposition of the soil of the infected trees.

2 MATERIALS AND METHODS

2.1 Sampling

Twenty black walnut trees were selected for samgpina 73 years old marshland forest near
Kapuvar, Hungary. The site investigated is on @lumeadow soil with periodic water effect.
The health condition of the trees was evaluategédas the crown symptoms using the
following 4-pointed scale:
1. Healthy crown.
2. Less than 20% of the crown is dying. Some leaveyeltowish.
3. 20-50% of the crown is dying. Leaves with yellowisablouration in larger groups.
4. More than 50% of the crown is dead. Yellow leavekrge groups, or the remaining
foliage is yellow.
Soil samples were taken from the rhizosphere dh @agestigated tree with a final volume of
1 litre. The sampling was done at four differeninpavithin 1 metre around each tree, from a
depth of 530 centimetres. The aliquots were mixed.

2.2 lIsolation

A quantity of approximately 250 mg from each mixsdl sample was flooded with 500 ml
distilled water in a flat plastic container of alwme of 2 litres. The isolation of
Phytophthoras was performed by using healthy, lyepitked, youngRhododendrorand
Prunuslaurocerasudeaves as baits (ThemanWerres 1998, Nagy et al. 2000). The leaves
were surface-disinfected with 10% NaOCI solutiord amsed in water before use. The
samples were incubated in 22 °C, on daylight. N#cipots appeared on the leaves within
2-4 days. A piece of a size of 5x5 mm was cut ftbminfected leaf sections and put on the
surface ofPhytophthoraselective agar plategigure 1). The medium used contained 1,5%
malt extract and 2% bacteriological agar. Ampicil[@250 mg/l), Benomyl (15 mg/l) and
hymexazol (50 mg/l) were added to the medium beafieee

Figure 1. The method of isolation: A: leaf baitstbe soil samples B: Characteristic lesions
on the baits C: Phytophthora colonies on Phytoprdkselective agar media
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2.3 Species identification

The species identification was done by using madgaiocal features and ITS sequences.

The morphological features were studied on cultgresvn on carrot agar (Brasier 1969),
at 20°C, in the dark. The formation of sporangiasviduced by non-sterile soil solution
(Jeffers and Aldwinckle 1987). Daily growth rateglany patterns and morphology of
microscopic structures were investigated (ErwRibeiro 1996).

The molecular identification of the isolates wasdedy amplifying and sequencing
the 1TS1-5.8S-ITS2 region of the rDNA of selectedlates. Pure mycelial cultures were
used for DNA extraction or direct PCR. The DNA axttion and the PCR was made with
the REDExtract N-Amp Plant Kit (SigmaAldrich), or with the PHIRE Plant Direct PCR
Kit (Thermo Scientific) according to the user’s daiof the manufacturers. ITS6 and ITS4
primer pair (Cooke- Duncan 1997) was used for PCR, in an Eppendorftéagcler
Personal PCR machine. PCR conditions were as teschy Cooke and Duncan (1997).
The resulting PCR products were purified with EZ88in Column PCR Purification Kit
(BioBasic Inc.), according to the user’s guide loé tmanufacturer. The purified products
were sequenced in both directions. Sequences weneoted and aligned with the
ClustalX software. Homologs were searched in thenBamk (NCBI database) using
BLASTN software (http://blast.ncbi.nlm.nih.gov/Btasyi).

2.4 Estimation of the genetic diversity

The genetic diversity of the isolated species wasnated based on the ITS1 — 5.8S — ITS2
sequences. The sequences were compared by usi@ustal X software. Only complete,
error-free sequences were used for the comparison.

2.5 Pathogenicity tests

Two strains were used for pathogenicity testsPAplurivora strain (202a) isolated in
September 2011 andRa cactorumstrain (174/2) isolated in June 2011 from the iswidhlack
walnut stand. The colonies used were 14 days didy Tvere grown on Potato-Dextrose Agar
plates (39g/L, Microtrade Ltd., Budapest, Hungary).

3,5 months old black walnut seedlings were infecHtk seedlings were grown from
disinfected seeds in containers. The soil usedfanting was investigated with the above
mentioned leaf baiting method and proved to be dfdehytophthoras. Eight seedlings/isolate
and eight seedlings as control (totally 24 seed)ngere used for the tests.

The infection was done on"&eptember 2012. A wound of a diameter of 5 mm was
made on the base of the stem and a piece of a 5Smmx&ze from the pathogen colony was
put into the wound. After that, the wound was ctbséth plastic paraffin film (Parafilfh
Pechiney Plastic Packaging Company). The woundlewgontrol seedlings were closed with
Parafilm without any infection.

The seedlings were watered as it was necessary. Weee overwintered in a frostfree,
closed chamber. The mean temperature and the hyrofdihe chamber fluctuated according
to the weather conditions outside. Their paramdtergth and diameter of the shoots, length
and width of the roots, health condition of the @iscand roots and especially the length and
width of the bark necrosis caused by the pathogenghe stem) were measured after
10 months, in July 2013.
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2.6 Data analysis

The health condition datasets were analysed weghl@M SPSS 20 Software (IBM Corp.
2011). We used Kruskall-Wallis and Mann-Whitneytdeto see the change in the health
condition of our sampling site.

Data resulted from the pathogenicity tests were alsalysed with the IBM SPSS 20
Software. The Gaussian distribution of data sets teated with the Shapiro-Wilks method.
The homogenicity of variances of the variables teated with Levene statistic, based on the
median. To test differences between the two intketed the non-infected groups, One-Way
ANOVA was used. Independent Samples T-test was wstabt differences between the two
infected groups in case of necrosis area data sets.

In order to understand the changes in species caitigpg daily temperature and
precipitation data of the region were collectednfradhe database of the Hungarian
Meteorological Service_(http://www.met.hu/idojaidtalis idojaras/napijelentesAValter-
Lieth diagrams were constructed from these datah wit free, online software
(http://www.zivatar.hu/script.php?id=walter-lig¢th

3. RESULTS AND DISCUSSION

3.1 Changes in the health condition

The health condition of the treeBigure 2) got significantly P = 0,023 worse during the
experiment according to the Kruskal-Wallis testaltey tree could be found only at the very
first investigation (1 tree). The number of treetobging to the ¥ category decreased from 9
to 3 trees, while the number of trees in tifeadd especially in the™category increased
(from 7 to 8 in case of' 4 and from 3 to 9 in case of'4¢ategory). However, we couldn’t find
any dead trees till the end of the monitoring pekrio
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Figure 2: Changes in the health condition of thestean black walnut trees.
Categories: 1. Healthy crown; 2. Less than 20%efdrown is dying, some leaves are yellowish.
3. 20-50% of the crown is dying. Leaves with yalbvdiscolouration in larger groups.
4. More than 50% of the crown is dead. Yellow |lsawelarge groups or the remaining
foliage is yellow. Values are in % of the investigghtrees. The health condition of the trees

in June 2011(A) is significantly different from itheealth condition in 2012 (B).
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There was significant differenc® & 0,009 in the health condition of the sampling site
between the investigations of June 2011 and Juh2 @6cording to the Mann-Whitney test.

3.2 Isolation success and species composition

The isolation success was the highest in June 2Bhytophthoras could be isolated from
75% of the collected soil samples then. After thatSeptember 2011 and June 2012 the
isolation was succesfull only from 20% of the colésl samples. The isolation success was a
bit higher in September 2012. Phytophthoras co@dsblated from 40% of the collected
samples that time. There were two species comgtargsent in the soil sampldg: plurivora
andP. cactorum They were present in the rhizosphere of evemcsed tree, at least one time
during the two — year period.

The distribution of the two species changed duthmg investigation Kigure 3). Both
species were present in June 2011 and Septembé@r, BOf only P. plurivora could be
isolated at the other times.

100%

80%

60%

40%

20%
yd yd

0%

June 2011 Sept 2011 June 2012 Sept 2012

W P. plurivora m P. cactorum Other, unidentified Phytophthora

Figure 3. Species composition of Phytophthoragfégrént sampling times

This suggests that both species are constanthempras the soil of the forest stand.
However, P. cactorumsurvives the unfavourable conditions with formiciggamydospores
and oospores. When the environmental conditionsorbec favourable, oospores and
chlamydospores d®. cactorumcan well germinate. The infection can be veryaesiin the
case of heavy, flooded, poorly drained soils (ErwRibeiro 1996).

Unlike P. cactorum, P. plurivoracannot form any chlamydospores. It can survive
unfavourable environmental conditions only by fangiioospores. This species is less
competitive in wet, flooded soils, because supplgsseimiarid — wet soils are optimal for it.
However, it can infect walnut trees also under andied conditions (Matheron Mircetich
1985Db).

In the first year of our study, the spring and fingt half of the summer was rainy. The
Walter-Lieth diagram of the year 2011 (Figure 49ws this time as a humid period.
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Kapuvar T: 18.61 °C
N 47,688°; E 17,033° 187 m Cs: 355 mm
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Figure 4. Walter-Lieth diagram of the sampling s$it2011

based on the data of the Hungarian Meteorologiaivie

(http://www.met.hu/idojaras/aktualis_idojaras/nagégntes/).
Dark grey: humid periods; striped: arid periods.

After 3 heavy rainfalls in the first week of Augusite second half of the summer and
the autumn was hot and dry, with unusual arid pkjoespecially in September.
P.cactorum was dominant in June, when the forest soil was. weater, in mid of
September, the soil was drier. This time the isofasuccess was lower, and we could
only find P. plurivora

Next year, after a dry autumn and winter in 201#, lvad an extremely dry spring in
2012. According to the Walter-Lieth diagram of 2QE2gure 5), the arid period began in
May and lasted till September in the region.

The isolation success was low again in June, amg Bnplurivora could be isolated.
The summer was very hot, with a few big rainfalltire region mostly in the second half
of July, and with some rainy days in August andt8eyber. The isolation success was a
bit higher, and we could isolate mos®y cactorumfrom the slightly wetter soil samples
this time.
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Kapuvar T: 11.41 °C
N 47,600°; E 17,033°; 107 m Cs: 387 mm
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Figure 5. Walter-Lieth diagram of the sampling $ie€2012

based on the data of the Hungarian Meteorologiaaivi&e

(http://www.met.hu/idojaras/aktualis_idojaras/nagéntes/).
Dark grey: humid periods; striped: arid periods.

3.3 Intraspecific diversity

The genetic diversity of the two species was egathébased on ITS sequences. The
examined fragment was 797bp long.A.5cactorumisolates and &. plurivoraisolates were

analysed.
P. cactorumstrains differed in 2 positions and 4 differenplod#ypes could be detected

from which 3 haplotypes were frequemtple 1).
Table 1. Estimated haplotypesRafcactorunon the sampling site

20 611 Haplotype Number of isolates
- A CACTORUM 1 5
- G CACTORUM 2 4
A A CACTORUM 3 5
A G CACTORUM 4 1
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P. plurivora strains were quite uniform, 2 haplotypes coulddb&ected Table 3. They
differ only at one position. The first haplotype svenuch more frequent. Thé“2one is
represented by only one isolate originating fromc¢hbllection of the first sampling time.

Table 2. Estimated haplotypesRafplurivoraon the sampling site

402 Haplotype Number of isolates
C PLURIVORA 1 7
T PLURIVORA 2 1

Both isolated species are cosmopolitan (ErwirRibeiro 1996). The poor genetic
diversity especially in the case Bf plurivora can suggest that it might be a relatively new
species in the studied region (Szabo et al. 2013).

3.4 Pathogenicity

All of the infected seedlings remained alive durihg test period. Their health condition was
similar as the health condition of the control péanThe stem diameter of the seedlings
belonging to the control and the two infected gsupas not significantly different
(P =0,107) ab=0,05 significance level according to the resuligthe One-Way ANOVA.
However, according to the size of the necrosisheir tstem, both pathogen strains turned to
be moderately pathogenic to black walnut. The gfzbe necrosis in case Bf plurivorawas
39,27-235,62 mm (average size: 126,25 mn while in case ofP. cactorumit was
32,99102,10 mm (average: 62,93 mm P. plurivora was slightly more aggressive than
P. cactorum This result agrees with the statement of Mirdettmd Matheron (Mircetickh
Matheron 1980). The area of the necrosis (Figur@mved to be significantly larger in the
two infected groups than in the case of the corgeddlings at:=0,05 significance level,
according to the One-Way ANOVA (P = 0,001). Accoglio the T- tes®. plurivoracaused
significantly longer necrosis thah cactorumdid ata=0,05 significance level (P = 0,024).
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Figure 6. Necrosis area in case of the differemugps. 0: seedlings without infection.
1: P. plurivora . 2: P. cactorum. The groups lakeliwith different letters are significantly
different according to the One-Way ANOVAs and thest.
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4. SUMMARY

Two PhytophthoraspeciesP. cactorumandP. plurivora were isolated from the rhizosphere
soil of the declining old black walnut stand. Théa® species were also earlier frequently
isolated by Szabo et al. (2013). However, we caowtfind P. lacustrisas they did earlier.
The health condition of the selected trees got eataring the two-years-period of the
experiment. However, we couldn’t find any dead grget. Changes could be observed in the
isolation success. These changes don’'t show arsosality. They could be related to the
current environmental conditions, primarily withethumid or arid character of the weather
conditions. The changes in the health conditiothefstudied eastern black walnut trees seem
to confirm this. Their health condition continuougiot worse in the first humid year of our
investigation, while it was unaltered in the secamuaite arid year. It would be necessary to
continue the monitoring to find the correct cortiela. Both Phytophthoraspecies were
isolated from the rhizosphere of every selecteg, @k least at one sampling time.

The identified species composition had also chanlgesig the two years. plurivora
could be isolated always, whife. cactorumonly in June 2011 and September 2012. When
we could isolate both specid’, cactorumwas more frequent tha plurivora We suppose
that both species are present in the soil. Howe¥eplurivorais more competitive in semi-
arid - wet soil, whileP. cactorumprefers wet, flooded soil, wher@. plurivora is less
competitive. The poor genetic diversity of thesecips suggests that they were perhaps
introduced into the region recently. Both isolaspecies proved to be moderately aggressive
to eastern black walnut seedlings. The necrosesedauyP. plurivorawere longer than those
caused byP. cactorum suggesting that this species is slightly morereggive to eastern
black walnut seedlings thah cactorum

The above mentioned are preliminary results of a-years long study. It would be
necessary to do a proper analysis of weather dgondiiata and to continue the monitoring in
order to understand better the process of therdecli
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