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Biological Sprout Control with Chondrostereum purpureum
— Preliminary Results from Field Trials in Finland
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Abstract — The aim of our ongoing project is to test the efficiency of the indigenous decay fungus,
C. purpureumgas a biocontrol agent against stump sprouting in Fink@hdndrostereum purpureum

was applied to freshly cut birciBétula pendula, B. pubescg¢rstumps at 12 different time points
during the growing season. The most effective treatment time seemed to be the early summer, at least
on birch. Efficacy ofC. purpureum on aspen (Populus tremulgrey alder (Alnus incanaand

willows (Salix spp) was also tested. Treatment was done in July. One year after the tread@ments
purpureum seemed to have a slight reductive effect on sprouting on all these tested tree species.
According to the preliminary results high enzymatic activity of the fungus and good growth ability on
wood chips in laboratory did not necessarily guarantee the good ability to prevent sprouting in the
field. However, there were differences in the ability of different isolatgs. gfurpureum to prevent
sprouting and it is worth to try to find more aggressive isolates in the future for biocontrol purposes.
Preliminary results showed that the useCofpurpureum is a promising method for biological sprout
control in Finland.

Basidiomycetes/ Vegetation management/ Mycoherbicide

Kivonat — Bioldgiai sarjadzasgétlas Chondrostereum purpureum-mal — a szabadfoldi
kisérletek ebzetes eredményei FinnorszagbarProjektiink célja ahondrostereum purpureum
6shonos farontd gomba hatasanak kimutatasa a tuskésarjak visszaszoritasaban, Finnorszagban.
A C. purpureurrot friss nyirfa tuskokon alkalmaztuk a vegetacio8szdk 12 kilonbdz
idépontjaban. A leghatasosabb kezelégpaht a kora nyar volt, legalabbis a nyir esetében.

A C. purpureumhatasossagat reagyaron (Populus tremulg hamvas égererAlfpus incany és

fuzeken Galix spp.) iskiprobaltuk A kezeléseket jaliusban végeztik. Egy év elteltéw@l purpureum

gyenge visszaszoritd hatasat tapasztaltuk e fafajok sarjképzéseeted€eredményeink szerint a gomba
magas enzim-aktivitdsa és laboratoriumi j6 ndvekedési képessége nem garantdlja sziéségszeri
szabadfoldi j6 sarj-visszaszoritd képességet. Kulonbségeket észleltiink az egyes izolatumok
sarjadzasgatlé képessége kozott, ezért érdemes megprébalni agresszivebb izolatumokat talalni a
jovébeni biokontrol céljaira. Bzetes eredményeink azt mutattak, hody. aurpureum felhasznalasa
igéretes mddszer a sarjadzas biologailasara, Finnorszagban.

Bazidiumos gombak / vegetacio kezelés / mikoherbicid
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1 INTRODUCTION

Sprouting of fast growing broadleaved trees causdlems in newly planted and young
coniferous stands, where undesirable vegetatiotendrfor space, light, water and nutrients
with valuable conifer trees. Sprouting is a problalso under power transmission lines, at
roadsides and railways. Use of chemicals to prewpnouting has nowadays awakened
environmental concern. Hence, the most common rdeih@revent sprouting is mechanical
cutting, but it is ineffective for many speciesthsy can resprout vigorously without further
treatment.

Researchers in the Netherlands and in Canada hlemerdtrated the potential of white
rot fungus,Chondrostereum purpureu(®ers. ex. Fr.) Pouzar, to successfully contnamgt
sprouting of many hardwood species (Scheepens gétbnigge 1989, De Jong 2000, Wall
1990, Wall 1994, Dumas et al. 1997, Jobidon 19%gkBr et al. 1999, Harper et al. 1999, Pitt
et al. 1999).C. purpureumis a basidiomycete commonly found throughout #mperate
regions of the world. It is an early colonizer oésh wounds on many broadleaved trees,
logging slash and stored logs (Brooks — Moore 1828;ner 1977, Spiers — Hopcroft 1988).
C. purpureumis also known as a pathogen responsible for sieadr disease of many fruit
trees (Brooks — Moore 1926).

We report here the preliminary results of biologgarout control withC. purpureumn
Finland. We tested if the application time has tiece on the efficacy of th€hondrosteum
purpureumtreatment on birch and investigated the usefuloé€s purpureunmas an inhibitor
of stumps sprouting on aspeRopulus tremulag grey alder Alnus incana and willows
(Salixspp.). In addition, we studied if the activitys®veral secreted hydrolytic and oxidative
enzymes and growth ability on wood chipsvitro correlates with the ability of the fungal
isolates to prevent growth of new sprouts in tle&fi

2 MATERIALS AND METHODS

2.1 Effect of the application time of the stump tratment on birch

The experimental site located in Orivesi, Centrialldhd, about 200 km north of Helsinki.
The site was a 15-year-old spruce stand with bggBetula pendula, B. pubescgras a
mixed forest. Plots were established in 12 diffetene points, with intervals of two weeks,
from the 2" of May to 12" of October in year 2005. Birches were manuallywith brush
saw and the entire surface of the cut stems wadettewith inoculum. The inoculum
contained active mycelium dof. purpureumpre-grown on potato dextrose liquid medium
containing 24 g/l potato dextrose broth and 20sgita powder in distilled water. Control
stumps were left untreated (control 1) or they wesated with a blank inoculum (control 2).
Plots were circular and variable in diameter. Ealoh contained at least twenty cut stems and
four replicate plots were established for eachtitneat. At least three meters untreated buffer
zones were left between plots. Plots were examioedhe first time in late summer 2006,
about one year after experiments were establishednty identified stumps per plot were
observed. The amount of sphorosphore€.gburpureunon stumps was defined, the number
of living sprouts per stump was counted and theghteof the tallest living sprout was
measured.
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2.2 Efficacy ofC. purpureum on aspen Populus tremula), grey alder (Alnusincana) and
willows (Salix spp.)

The experimental sites located in Parikkala, easténland, about 350 km northeast of
Helsinki. Field trials were established in July 300rees were cut by brush saw and sprayed
immediately with the mycelium o€. purpureumgrowing in liquid culture as described
previously. Control stumps were treated with thankl substrate or left untreated after
cutting. Plots were circular and variable in diaeneOne plot contained at least twenty cut
stems and four replicate plots were establishe@d&oh treatment. Plots were examined first
time in late summer 2006, one year after the erpant was established. The amount of
sphorosphores df. purpureunon each stump was defined and the number of ligprguts
per stump was counted. In addition the height eft#lest living sprout was measured.

2.3 Production of wood decaying enzymes and funglhiomass productionin vitro

We tested 21 isolates @f. purpureumin the laboratory to find out if the activity oéweral
secreted hydrolytic and oxidative enzymes and draatility on birch wood chips correlated
with the ability of the fungal isolate to prevemiraguting. Activity of pectinases, proteases,
cellulases, laccases and peroxidases was tested.ptages for the detection of pectinases,
proteases, and cellulases were modified from Hageret al. 1985. ABTS and Poly R-plates
used to test the ligninolytic enzyme activitiescflases, peroxidases) were modified from
Steffen et al. 2000. Each screening plate was iatedi with a 6-mm diameter agar plug of a
precultured mycelium. Two replicate plates of eatfin/substrate combination were used.
Cultures were incubated at 25 °C and visually akeskrintensity of color reactions on plates
was classified by minus and plus marks. If there n@t any observable color reaction, minus
mark was given. Three plus marks indicated a stroolgr reaction. General enzymatic
activity value for each isolate was defined asstin@ of plus marks given.

Fungal growth in wood chips was investigated ugingrescein diacetate (FDA) method
(Boyle — Kropp, 1992). FDA is a fluorogenic substrahat becomes fluorescent upon
enzymatic cleavage by a number of nonspecific eesyati living cells and it has been used
previously as a test of fungal viability (Soderstrd977, Schnirer — Rosswall 1984, Barak —
Chet 1986). The product of this enzymatic converssofluorescein, which can be quantified
by a spectrophotometer. The fresh bir8etila pendulawood chips (particle size 1 mm)
used in this experiment were sawed and chippeduotditkyla, Finland. Wood chips in
20-ml glass vials were inoculated with the myceliomC. purpureumgrowing in liquid
culture and cultivated at 25 °C. The amount of gngwmycelium on wood chips was
measured at four different time points: 3, 7, 10 &4 days after inoculation.

Strain selection for the field was done based @tstenaddn vitro. Different isolates
were put in order based on their general enzynaativity value and FDA absorbance value.
Totally 8 isolates ofC. purpureumwere chosen for the field trial. Four isolateshwifood
ability to grow in woodchips and high general eneyattivity and four isolates with lower
ability to grow in woodchips and with lower geneealzyme activity were selected.

Field trial was established in Juupajoki, Centrial&nhd, about 200 km north of Helsinki.
Experimental site was a 13-year-old spruce stanld birches as a mixed forest. The plots
were established in the middle of June 2006. Al wita0 treatment plots were established,
consisting of four replicates of each treatmenttdPincluded control stumps, which were cut
but treated with the blank inoculum or left untezht Plots were circular and variable in
diameter. Diameter was determined by the area nedjuo locate at least 30 birch stems in
each plot for each treatment. A minimum of a 2-ndevbuffer zone separated the plots from
each otherBirches were manually cut using a brush saw andetfige surface of the cut
stems was immediately treated with one of the esgiected isolates. Plots were examined
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first time in late summer 2006, 14 weeks afterékperiment was established. The amount of
sphorosphores . purpureunon each stump was defined, the number of living@s per
stump was counted and the height of the tallestdigprout was measured.

3 RESULTS

3.1 Effect of the application time for the birch sump treatment

One year after the treatments, the treated biram@st had far more fruiting bodies than
control stumps, irrespective of treatment time. Emount of fruiting bodies on treated

stumps varied according to treatment time. The dsgimumber of fruiting bodies was found

from stumps, which were treated between early Ma/late June; 60-85% of treated stumps
had fruiting bodies. Also control stumps from thiate had the highest number of fruiting

bodies; 0-14,5% of control stumps had fruiting lesdi

The percentage of sprouting stumps was decreaseldebgpplication of the fungus in
each treatment time. The biggest difference betvweated and control stumps was observed
in the middle of July; only 20 % of treated stumyere resprouting whereas 90 % of control
stumps put out new sprouts.

Number of living sprouts per stump decreased duddacapplication of the fungus. The
reduction of the living sprouts per stump variedarding to the time of cutting. Reduction
was 60-80% when the fungus was applied to the stumepveen the™of May and the 14
of July. When fungus was applied to the stumps eetw29' of July and 1% of September
the reduction of the number of living sprouts geng was only 30-50% compared to control
stumps. Significant reduction of living sprouts @ump could not be found in treatments
done in late September and October. Although theabaw of living sprouts per stump
decreased because®f purpureuntreatment, it had no effect on the maximum heidhrteaw
sprouts in any treatment times.

3.2 Efficacy ofC. purpureum on aspen Populus tremula), grey alder (Alnusincana) and
willows (Salix spp.)

Fruiting bodies ofC. purpureumwere found from every observed tree species oae after
treatments. Control stumps had far less fruitinglié® than treated stumps on every tree
species. Fructification was most abundant in wiipwbout 90% of treated stumps had
fruiting bodies. About 60% and 30% of treated alded aspen stumps had fruiting bodies,
respectively. Only 0-2,5% of control stumps haduralty occurring fruiting bodies
depending on tree species.

One year after the treatments, the percentagerespmuting stumps was increased and
the number of living sprouts per stump was redumethe application of. purpureunon all
tested tree species. However, the difference behwreated and control stumps was not very
clear and statistical significance between treataticontrol stumps could not be found in any
observed tree species one year after the treatni@msmaximum height of the living sprouts
did not differ between treatments in any observed species.

3.3 Correlation of in vitro characteristics to inhibition of sprouting of birch in the field

Laccase activity was present in all isolate€Copurpureumbut there were clear differences
between the isolates. Only four isolates bleachag-R, indicating manganese peroxidase
(MnP) activity. Pectinase activity was scarceCnpurpureum only two isolates produced
detectable amounts of pectinases. Activity of @sés, lipases and cellulases was present in
all isolates, although there was a lot of variatiothe production levels of these enzymes.
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There were clear differences in biomass produadiomycelium in wood chips between
different C. purpureumisolates. The amount of growing mycelium on woddps was
measured in four different time points, 3, 7, 1d 44 days after inoculation, and differences
were seen clearly between different isolates jost L0 days after inoculations.

Assessments conducted in the field 14 weeks dfeetreatments revealed that there were
differences between differe@. purpureumisolates in their ability to prevent sprouting on
birch. However, differences seemed not to correldtk high or low enzymatic activity on
agar plates or growth rate in the laboratory tests.

4 DISCUSSION

Preliminary results showed th& purpureumis a promising method in biological sprout
control in Finland. On birch it seems to reduceosfing quite well and the most effective
treatment time seems to be in the early summer.

C. purpureumtreatment seemed also to have a slight effect oouipg also on aspen,
alder and willows. On these tree species the efdédhe treatment seemed not to be as
effective as on birch. However, one must rementgrthese are just preliminary results one
year after treatments and the situation can s$tdhge in the following years.

According to the first year's results high enzymatctivity and good growth ability on
wood chips in the laboratory do not seem to coteelaith the good ability to prevent
sprouting in the field. The hydrolytic enzymes ¢ekshere appeared not to be crucial for the
biocontrol efficiency. Virulence of. purpureunis most likely dependent on several factors,
including phytotoxins, which were not analyzed ur study. However, there are differences
in the ability of different isolates &. purpureunto prevent sprouting and it is worth to try to
find more aggressive isolates in the future forcbidrol purposes. Other characteristics,
which could affect to the ability to prevent spiiagt could also exist.
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