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‘Abstract ]

i

The effects of pestlcxdes on 64 ectomycorrhxzal fungi of bo-

real forest trees were studied in vitro. The pesticides (fungi-
cides: benomyl, chlorothalonil, copper oxychloride, maneb
and propiconazole; herbicides: chlorthiamid, glyphosate
hexazinone, linuron. and terbuthylazine; insecticide: cyper-
methrin) were selected ‘as those commonly used in Nordic
forest nurseries and afforestation sites. In general, the fungi-
cides proved to be more toxic to ectomycorrhizal fungi than
the herbicides and cypermethrin. The fungicides, chlorothalo-
nil and propiconazole, had the clearest inhibitory effect on

growth of mycorrhizal fungi. Conversely, maneb, glyphosate -

and terbuthylazine stimulated the growth of some mycorrhizal
fungi. Leccinum versipelle and L. scabrum, Paxillus involutus
and Cenococcum geophilum were the most sensitive ecto-
mycorrhizal fungi to the various pesticides.

Key words: ectomycorrhizal fungi — fungicide — herbicide —
insecticide cypermethrin — pesticide side effect

1ntr0duction

Pesticides have been widely and regularly used in
forests and forest nurseries against fungal diseases (fun-
gicides), weeds (herbicides) and herbivores (insecti-
“—cides). According to a questionnaire conducted in 1996
about 1000 kilograms of pesticides (as active ingre-
dient, a.i.) have been used each year in Finnish forest
nurseries, of which 42% were herbicides, 40% fungi-
cides and 18% insecticides (Juntunen 2001). The most
commonly used herbicides were terbuthylazine
(Gardoprim-Neste®) and glyphosate (Roundup®) and
fungicides chlorothalonil (Bravo 500%), maneb
(Maneba®) and propiconazole (Tilt 250 EC®).

Corresponding author: T. Laatikainen
e-mail: Tarja.Laatikainen@uku.fi

0944-5013/02/157/02-127  $15.00/0

/= ., RP TR

o= i gy MGl L\Y

H "d( 8 ——ee % X‘v

3“*' G:u.,_,,“_ o, -‘loog‘. :
A e e
‘\": N ,,-,.‘n‘
“, % , . ey

NN —

Pesticide usage has been more: chhn!lon in agncultur—
al sites than in forests and forest nurseries in Finland
(Londesborough et al. 2000) as is the case in other
European countries (Brouwer et al. 1994). The trend of
pesticide consumption in Finland had been declining
during 1990’s (Fig. 1). This decline is partly due to the
better selectivity and higher efficiency of new pesti-
cides. Thus, a lower dose of these new products can
achieve the same or even better effect than was earlier
possible. Nonetheless, many of these-pesticides are per-
sistent, especially in soils with a low microbial activity
to degrade pesticides (Fomsgaard 1995), and they can
affect the growth of tree seedlings if agricultural land is
later to be afforested. This might be a greater problem
in Scandinavia than in lower latitudes. The colder
climate means that the half lives of pesticides may be
prolonged (Heinonen-Tanski 1989).

Transportation and deposition of pesticides by air are
known to be important sources of contamination of
non-agricultural areas (Torstensson 1995, Dubus et al.
2000). For example, atrazine and lindane have been
detected in the precipitation also in Finland (Hirvi and
Rekolainen 1995), although the sale and usage of atra-
zine has been prohibited since 1991 and lindane was
banned in already 1987 (Rokkanen J., personal commu-
nication). Therefore, these deposits have clearly foreign
origins. These transported pesticides may have a con-
tributory influence on the total pesticide load on soils
and surface waters. Since forests cover about 75% of
the Finnish land area (OECD 1999), this deposmon of
foreign pesticides can have a major impact in Finnish
forest soils.

‘Rhizosphere microorganisms, especially mycorrhiza,
are very important for the growth of plants. Most forest
trees live in symbiotic associations with ectomycorrhi-
zal fungi, which include members of the families of
basidiomycetes and some of ascomycetes (Smith and
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Fig. 1. The total sales of agricultural and forest pesticides as active ingredients in Finland 1953-1998 (redrawn from Hynninen

and Blomqvist 1999)

Read 1997). Ectomycorrhizal fungi enhance the growth
and development of tree seedlings by increasing their
mineral nutrient and water uptake, by synthesizing vita-
mins, amino acids, auxins and gibberellins, all of which
stimulate plant growth (Harley and Smith 1983), and by
protecting the seedlings against potential ‘plant patho-
gens (Unestam and Beyer-Ericson 1990).

Active mycorrhizal fungi are important for the
thriving of forest tree seedlings in forest nurseries and
for a successful start after plantation (Mikola 1973,
Halonen and Laiho 1991, Marx 1991). The inoculation
of ectomycorrhizal fungi to the soil of nurseries (Marx
- et al. 1986, Atlas and Bartha 1992) or soil transfer from
well-stocked plantation into old non-reforested clear-
cut sites (Amaranthus and Perry 1987) has increased
seedling growth and mycorrhizal formation and im-
proved considerably the survival rate of the seedlings.

Pesticide effects on soil microbes have been tested
mostly in agricultural soils (e.g. Atlas er al. 1977,
Schiiepp and Bodmer 1991, Tu 1992, Tu 1993) and
plants with VA-mycorrhizae (Plenchette and Perrin
1992), but there are only a few studies examining their
effects on forest soils (Ingham er al. 1986, Colinas
et al. 1994). The herbicides, 2,4-D and trifuralin (Iloba
1980) and the fungicide triadimefon (Marx et al. 1986)
affected the development of ectomycorrhizae with pine
seedlings in forest nurseries. Furthermore, Manninen

et al. (1998) showed in a field trial with pine seedlings _:

that the fungicides copper oxychloride and propicona-
zole could both reduce soil microbial activity and
impair the development of ectomycorrhiza.
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There is very little information available about the
side effects of various forest pesticides on non-target
ectomycorrhizal fungi. We have studied the effect of
forest pesticides on ectomycorrhizal fungi of Scots pine
(Pinus sylvestris L.), Norway spruce (Picea abies L.)
and European silver birch (Betula pendula Roth.) in
cultivation tests. The selected pesticides are now or
have been in common use in forest nurseries and at
afforestation sites in Finland (Table 1).

Materials and lﬁethoﬂs

Ectomycorrhiza. 64 ectomycorrhlzal fun 1 strains
were used for these pesticide tests (Table 2). %‘he strains
originated from isolates from our personal collections
in the University of Kuopio (UKU), and from the
collections of Professor Veikko Hintikka (VH) (Fin-
land), University of Helsinki (isolates of Professor
Peitsa Mikola by Hambi and Dr. Tytti Sarjala) (UH)\
(Finland), Swedish Agricultural University, Uppsala
(SLU) (Sweden), Lund University (LU) (Sweden), and
Centraalbureau voor Schimmelcultures (CBS)
(Netherlands). New inoculations from slant cultures
were first grown in modified Hagem’s agar at 18 £ 1°C,

" Pesticides. The following pesticides were used in our
experiment: fungicides, benomyl (Benlate 500 g/kg,
Du Pont), chlorothalonil (technical, Sareko), copper
oxychloride (Copper oxychloride 588 g/kg, Kemira),
maneb (Maneba 800 g/kg, Kemira) and propiconazole
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Table 1. Concentrations, application rates (per one application) and target application of studied pesticides as recommended
for forest nurseries and afforestation sites. (s = solid and 1 = liquid formulate)

Target of application
in forestry

References

Active Pesticide Concentration  Application
ingredient trade name of active rate in forest
 in Finland ingredient nursery
¢ (formulate) {g/kg] or [gN] [kg/ha]
Fungicides
benomyll,:-*" "~ Benlate (s) 500 0.2-0.6
. chlorothalonil ~ Bravo 500 (1) 500 15-20
copper Kuprijauhe  (s) 588 ) 0.249. * =
_oxychloride , ‘ : ey
‘maneb Maneba ! (s) 800 0.96-1.92
v ! b
propiconazque Tilt 250 EC O 250 V0125
Herbicides :
chlorthiamid?  Rikkaruo- (s) 75 3.75-6.0
hontuho Prefix ; »
glyphosate Roundup Bio (1) 360 1.44-2.16
hexazinone? Velpar L ) 240 0.24-0.48
linuron Afalon-neste (1) 450 0.90-1.35
terbuthylazine - Gardoprim- - (1) 500 1.0-1.2
neste*
-Insecicide )
cypermethrin  Ripcord® () 100 0.017-0.027

Botrytis cinerea, Fusarium sp., Lilja et al. 1997

Altenaria sp. ect.

Gremmeniella abietina
(Lagerb.),

Lophodermium seditiosum
(Minter, Stanley & Millar)

various fungal diseases
in seedlings

Gremmeniella abietina
(Lagerb.), )
Lophodermium seditiosum
(Minter, Stanley & Millar)

Gremmeniella abietina
(Lagerb.),

Phacidium infestans
(P. Karst.), ect.

weeds in leaf tree sapling
stand

weeds at afforestation site

weeds at afforestation site
of coniferous trees and in
pine sapling stand

weeds in ornamental tree
sapling stand

‘weeds at afforestation site

and in forest nursery

insects in coniferous tree
seedlings

Du Pont 1999

Lilja er al. 1997
Berner 1998

. Kemira 1998

Kemira 1992

" Lilja et al. 1997

Lilja et al. 1997
Kemira 1998

Mikinen 1998%

Kemira 1998
Du Pont 1999

AgrEvo 1999 _

Kemira 1996

Kemira 1996

! Expired 31. 12. 1997
4 Qut of sale 31. 12. 1998

* Expired 31. 12. 1996
5 Out of sale 31. 12. 1999

3 Expired 31. 12. 1999
6 Personal communication

(technical, Ciba); herbicides, chlorthiamid (Prefix 75 g/
kg, Kemira), glyphosate (Rodeo 480 g/, Monsanto),
hexazinone (technical, Du Pont), linuron (technical, Du
Pont) and terbuthylazine (Gardoprim 500 g/I; Ciba);
and an insecticide, cypermethrin (Ripcord 100 g/,
Kemira). ‘

Pesticides were first dissoluted in acetone to a con-
centration of 1 mg active ingredient/1 ml acetone and
added to liquefied agar media to final concentrations of
1 ppm for herbicides, and 1 ppm and 10 ppm for fungi-
cides and an insecticide, cypermethrin. Additional, tests

with propiconazole were carried out with a pesticide
concentration of 0.1 ppm.

Cultivation and treatments. Tests were made with two
different liquefied agar culture- media, modified
Hagem’s medium (Modess 1941) and modified Melin-
Norkrans’ medium (Marx 1969). No antibiotic or fun-
gicidal components were added to these test media
(Heinonen-Tanski and Holopainen 1991). The cultiva-
tions were carried out in 90 mm diameter Petni dishes.
The pesticides at various concentrations were added to
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Table 2. Origin, number and average period of growth of strains of ectomycorrhizal fungi, and number of tested pesticides per

one strain
Ectomycorrhizal fungi Origin-of strain No. of tested No. of tested Period of growth
N strains pesticides [in weeks]
Amanita muscaria umbria UH 1 10 24-94
Amanita regalis UH 1 2 27
Boletus edulis UKU 1 4 7.4
Cantharellus cibarius UKU 1 11 3.2-5.9
Cenococcum geophilum UKU 8 9-11 3.1-64
SLU 1 11 3.3
Corticum bicolor UH 1 11 4.7-5.6
Lactarius rufus UKU 3 1,1,2 4.0-9.1
Leccinum scabrum UKU 1 11 4.0-6.3
Leccinum versipelle UKU 1 8 1.0-6.1
Paxillus involutus UKU 2 o 2,10 2.2-29
VH ¥ 1 9 2.6
UH 1 8 1.7-2.6
SLU 1 10 26
LU 2 6,10 1.9-2.6
Piloderma crocecum UH 1 11 3.9-7.9
Pisolithus tinctorius SLU 1 7 7.8
Suillus bovinus UKU 7 1-11 2.3-84
VH 1 11 2.3-9.6
LU 2 10, 11 5.0-6.0
CBS 1 10 2.6-104
Suillus luteus UKU 1 11 2.1-3.1
SLU 1 11 2.1-52
CBS 1 11 2.1-74
Suillus variegatus UKU 11 2-11 2.3-6.2
VH 1 10 2.3-6.3
SLU 1 10 23
CBS 1 8 23
Unidentified ectendotrofic fungus UH 1 7 2.4
Unidentified ectomycorrhizal fungi UKU 7 11 1.0-44
Total number 64 11

Origins of isolates: University of Kuopio (UKU), Prof. Veikko Hintikka (VH), University of Helsinki (Prof. Peitsa Mikola/Dr.
Tytti Sarjala) (UH), Swedish Agricultural University (SLU), Lund University (LU) and Centraalbureau voor Schlmme]culturen

. (CBS).

liquefied agar media. Inoculations were performed in a
laminar flow-chamber with sterile apparatus. Three
cubic pieces with dimensions of 1-3 mm of mycelium
tested were placed on duplicate pesticide and control
agar dishes. Petri dishes were sealed with parafilm to
avoid drying of the agar. The inoculated fungi were
incubated at 18 + 1°C for 2—8 weeks.

Observation. The fungal growth was compared with
non-pesticide-controls after the colony of inoculated
fungi at control dishes were grown to a diameter of
1 cm. The growth was estimated as (a) no pesticide
effect (growth as in control), (b) inhibition by pesticide
(growth less than in control), (c) strong inhibition by
pesticide (no growth), and (d) stimulation by pesticide
(growth better than in control) (Heinonen-Tanski et al.
1982).
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Analysis of data. The effects of pest1c1des on \the growth
of ectomycorrhizal fungi-were tested by using one-way
ANOVA combined with Tukey’s Multlple Range Test
of the SPSS for WIN package. i

N

Results

Fungicides B

Chlorothalonil had the hlghest toxicity of any of the "
tested pesticides (Fig. 2a). Only one Cenococcum geo-

.. philum (UKU) and one Suillus variegatus (UKU) strain .

could tolerate chlorothalonil at the concentration of
1 ppm, and at the concentration of 10 ppm this pestici--
de strongly inhibited the growth of 90—-100% of strains.
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Fig. 2. Effects of fungicides (a) and herbicides (b) on the growth of ectomycorrhizal fungi at the concentration of 1 ppm on
modified Melin-Norkrans’ agar media. n = number of ectomycorrhizal strains tested

Inhibition was stronger on modified MMN-agar than on
Hagem’s agar.

Propiconazole had also clear toxicity to the tested
ectomycorrhizal fungi (Fig. 2a). The inhibition effect
was a slightly stronger on modified Hagem’s agar.
Surprisingly, at concentrations of 0.1 ppm and 1 ppm,
the growth of some ectomycorrhizal fungi was stimu-
lated. At the concentration of 0.1 ppm on modified
MMN-agar, propiconazole stimulated the growth of
three C. geophilum (UKU) (Fig. 3a) and Cantharellus

cibarius (UKU) (Fig. 3¢) strains. Furthermore, three
other strains of C. geophilum (UKU), and one strain of
S. variegatus (UKU) and Amanita muscaria umbria
(UH) could tolerate propiconazole. At the concentration
of 1 ppm on modified Hagem’s agar, the growth of one
Suillus bovinus (UKU) and two S. variegatus (UKU)
strains (Fig. 3b) were stimulated by propiconazole.
Benomyl had a rather similar inhibitory effect on the
fungal strains at both concentrations and on both agars:
about 20% of fungal strains experienced some and
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Table 3. Estimated concentrations of studied pes%icides (a.i.) in one application in top-layer of soil and repetition of applica-

tions during one growing season

Pesticide Concentration in top-layer! Repgtitipn of
(active ingredient) in mineral soil in organic soil agpllcatl_?n
: [times a~']
(ppm] (ppm]
Fungicides
benomyl s+ 0.8-24 8-24 4-6
chlorothalonil 6-8 60-80 4-6
copper oxychloride 1 10 5
~ maneb 3.8-7.7 38-77 4-8
propiconazole 0.5 5 4
Herbicides
chlorthiamid 15-24 | 150-240 1
- glyphosate 5.8-8.6 - o 58-86 1
hexazinone 1.0-19 ! 10-19 1
linuron 3.6-5.4 36-54 2
terbuthylazine 4.0-4.8 _40-48 1
Insecticide g by
cypermethrin 0.07-0.11 0.7-1.1 12

! Concentration of active :i‘rxgredient in one application. l;._esticide is assumed to be incorporated in top-soil layer of 5 cm depth.
Bulk densities used in calculations were 0.5 g/cm? for mineral soil and 0.05 g/cm? for organic soil (Heiskanen and Tamminen

1992).

2 Bunch of coniferous seedlings is dipped in pesticide solution before ot planting.

about 30% of fungal strains showed a strong inhibition -

on growth (Fig. 2a). Benomyl inhibited strongly the
growth of all C. geophilum and unidentified ectomycor-
rhizal fungi. There was some inhibition to the growth of
C. cibarius, A. muscaria umbria, both Leccinum strains
and some strains in the genes of Suillus and P. involu-
tus. At the concentration of 1 ppm benomyl, some
stimulation of.the growth was observed on both agars
with strains of P. involutus (VH) (Fig. 3a), S. variega-
tus (SLU) and S. bovinus (UKU) (Fig. 3b).

Copper oxychloride (Fig. 2a) inhibited the growth of
C. cibarius, Corticium bicolor, and nearly all of the
P. involutus and Suillus strains tested. Maneb inhibited
the growth of most of the tested P. involutus and S. bovi-
nus strains, with few exceptions. The strains of C. geo-
philum and unidentified ectomycorrhizal fungi toler-
ated copper oxychloride and maneb best of all.

Herbicides

The herbicide, linuron, inhibited strongly the growth of
Boletus edulis (Fig. 3b), C. geophilium, unidentified
ectendotrophic fungus, P. involutus and Pisolithus tinc-
torius, (Fig. 3¢) and to some extent all of the tested
Leccinum and Suillus strains. Most of the unidentified
ectomycorrhizal fungi belonged to those linuron-sensi-
tive strains (Fig. 2b). The inhibition effect was similar
on both agar media.

Glyphosate and terbuthylazine caused a slight stimu-
lation of growth of some ectomycorrhiza e.g. one third
of strains belonging to various Suillus species (Fig. 3b)
and C. bicolor (Fig. 3¢c). Terbuthylazine stimulated also
two strains of C. geophilum and Piloderma crocecum
(Fig. 3¢), and glyphosate two of the unidentified ecto-
mycorrhizal fungal strains (Fig. 2b). Hexazinone stim-
ulated the growth of one S. bovinus (LU) and one un-
identified ectomycorrhizal fungal strain, but otherwise
hexazinone and chlorthiamid had no effect on mycor-
rhizal growth on both agar media (Fig. 2b).

Insecticide cypermethrin

At the concentration of 10 ppm, the insecticide cyper-
methrin inhibited the growth of 25% of all fungi tested
including half of the C. geophilum strains and uniden-
tified ectomycorrhizal fungal strains and one third of
the S. bovinus strains. Additionally, cypermethrin had
a slight stimulatory effect on the growth of one uniden-
tified ectomycorrhizal fungus at the concentration of

1 ppm. :

Sensitive and tolerant ectomycorrhizal fungi

Amanita regalis, P. tinctorius (Fig. 3a) and Lactarius
rufus (Fig. 3¢) seemed to be the most sensitive of all
tested ectomycorrhizal fungi but there was only one

Microbiol. Res. 157 (2002) 2 133



strain of each kind of fungi tested. Strains from genus
Leccinum (Fig. 3b), P. involutus and C. geophilium
(Fig. 3a) were sensitive to various fungicides, and to
the herbicides linuron (especially P. involutus) and
glyphosate (Leccinum versipelle and P, involutus). Half
of Suillus strains were sensitive to various fungicides
and some were also sensitive to the herbicide linuron
(Fig. 3b).

The ectendotrophic fungus tested was much more
tolerant to different pesticides than the other tested
fungi (Fig. 3a). Only linuron caused strong inhibition
and maneb evoked some inhibition to the growth of this
fungal strain.

Discussion

The pesticide concentrations used in these tests (1 ppm
for herbicides, 1 and 10 ppm for fungicides and the
insecticide cypermethrin) were at the same levels as
those found in the 5 cm top-soil layer of forest nursery
soil or in peat-pot containers. We have estimated the
concentration of pesticides (a.i.) after one application,
which would leach into a soil top-layer of 5 cm depth in
mineral and in organic soils (Table 3). As can be seen,
in most cases the pesticide concentration exceeds 1 ppm
for different pesticides and 0.1 ppm for propiconazole.
Pesticide concentrations may be even higher on the sur-
face of plant roots, because the pesticides are generally
sprayed on seeds or seedlings (fungicides, insecticides)
or on weeds (herbicides), or seedlings may even be
dipped into pesticide solution (insecticides). Pesticide

solution or residues can leach into the container or soil -

either during the application or afterwards due to irriga-
tion or rainwater.

The depths to which a pesticide can leach into the
soil are dependent on the organic matter content of soil

and - the physico-chemical properties of pesticide. In.

peat-pots, pesticides can be bound to the peat medium
and only a small fraction may be detectable in leaching
water. For example, in a trial with peat-pots seedlings,
less than 1% of applied chlorothalonil, but almost 30%
of applied propiconazole leached through the peat
medium (Juntunen and Kitunen 200x). Soil microbial
activity can release soil-bound pesticides back to under-
go environmental interactions (Levanon er al. 1994,
Musumeci and de Barros Ostiz 1994), and thus, the
mycorrhiza and mycelium, which are mainly present in
this organic top-layer of the soil (Smith and Read
1997), can be exposed to pesticides.

The fungicides tested in this study proved to be toxic

lonil), cause protein damage (copper oxychloride) or
bind to cell copper compounds (maneb), (Pesticide
Manual 1991). For example, chlorothalonil is viewed as
an effective fungicide against a broad spectrum of plant
pathogens. Propiconazole, which is a systemic fungi-
cide, belonging to group called sterol synthesis inhibi-
tors also has a broad range of activity. The side effects
of propiconazole on soil fungi have been studied by
Elmholt (1991), who reported that propiconazole had
significant inhibitory effects on Cladosporzum while
Penicillium spp. was not affected.

In addition to the studies performed by Marx et al.
(1986), there are some other experiments examining the
side effects of pesticide on ectomycorrhizal fungi.
Sobotka (1970)- tested Suillus variegatus in pure cul-
tures with different pesticides including the fungicide
maneb, which proved to be very toxic to tested S. varie-
gatus strain. In a field experiment propiconazole and
copper oxychloride reduced ectomycorrhizal growth of
Scots pine seedlings growing in sandy-filled-pots
(Manninen et al. 1998). At higher concentrations, beno-
myl decreased the growth of ectomycorrhizal fungi
Pisolithus tinctorius and Thelephora terrestris in pure
culture tests (Marx and Rowan 1981). On the contrary,
in a field trial benomy! increased the development of
ectomycorrhizas of nursery-grown Pinus taeda seed-
lings with P. tinctorius (Marx and Rowan 1981) and
enhanced mycorrhization of laboratory-grown Pinus
strobus seedlings (De la Bastide and Kendrich 1990).

Benomyl has been reported to inhibit the growth and
depolymerize the microtubules in the Cenococcum geo-
philum (Niini and Raudaskoski 1993), which differ
from the other tested ectomycorrhizal fungi since it is
an ascomycete fungus. This genetical distance from the
other ectomycorrhizal fungi could account. for its dif-
ferent response from all other identified fungi when
tested with these pesticides. In Kuopio we do not use
benomyl when isolating the fungal strains (Hemonen-
Tanski and Holopainen 1991), thus, our own isolates
may be more sensitive to benomyl than strains origin-
ating from other collections. '

‘The herbicides, glyphosate and hexazinone, have
been tested with various ectomycorrhizal fungi in pure
culture tests, e.g. Hebeloma crustuliniforme, Laccaria,
laccata and Suillus tomentosum, and they inhibited all
of the tested fungi at concentrations above 10 ppm
(Chakravarty and Sidhu 1987), and in a second expeéri-
ment they had inhibitory effects on C. geophilum,
Hebeloma longicaudum and P. tinctorius at concentra-
tions below 100 ppm (Estok et al. 1989), though such

"+ high concentrations ‘may not be particularly relevant to

to ectomycorrhizal fungi, presumably due to their gen-./_ the situation in forest nurseries.

eral mode of actions. Fungicides can inhibit fungal cell
division (benomyl),

134 Microbiol. Res. 157 (2002) 2

impair ergosterol biosynthesis
(propiconazole), inactivate fungal cell thiols (chlorotha-

~ In general, P, involutus and C. geophilum are thought
to be relatively resistant to different environmental
stress factors (Holopainen ef al. 1996). In our study



Paxillus involutus, C. geophilum and Leccinum strains
were the most sensitive ectomycorrhizal fungi to many
of the pesticides tested. S. variegatus has been reported
to be rather sensitive to environmental stress factors
(Ohtonen et al. 1990), but this sensitivity does not seem
to extend to pesticides because in our study the growth
of various Suillus strains was not especially impaired by
these pesticides.

The growth stlmulanon of some ectomycorrhizal
fungal strains was caused mainly by herbicides glypho-
sate, terbuthylazine and hexazinone (Suillus species),
but in a few rare cases also by the msecticide, cyper-
methrin and all of the fungicides, except chlorothalonil.
The growth stimulation of ectomycorrhizal fungi might
indicate that these fungi are able to degrade tested pesti-
cides, but this stlmulatlon noted here in the laboratory

may be less likely to occur in field conditions if there is’

a lack of nutrients such as potassium or phosphorous in
the soil (DaSilva et al. 1977). In some cases pesticide
molecule is not mineralized but can become incorpo-
rated into the fungal tissue (Donnelly e al.-1993).
Ectomycorrhizae having the potential to degrade and
mineralize pesticides-and other persistent organic pol-
lutants could also be used in bioremediation (Meharg
et al. 1997a). For example, Amanita species, P. involu-
tus, and Suillus species are known to degrade several
organic pollutants (Meharg and Cairney 2000) and
C. geophilum can immobilise, for example, hexazinone
(Donnelly and Fletcher 1994). The growth of ectomy-
corrhizal fungi in symbiosis with Pinus sylvestris has
stimulated even greater pollutant mineralization than in
pure cultures (Meharg et al. 1997b).

Knowledge on the capabilities of ectomycorrhizal
fungi to tolerate pesticides might be useful in deciding
which pesticides would be less harmful to mycorrhizal
fungi when used in forest nurseries and in afforested
fields. Pesticides may affect directly seedlings roots,
and thus, pure culture tests alone are not recommended
when estimating pesticide effects on mycorrhizae, and
deciding the usefulness of different pesticides in the
nursery or new plantations (Unestam et al. 1989). Clear
phytotoxicity of some fungicides, e.g. chlorothalonil,
on forest nursery seedlings (James and Woo 1984) and
some other plants (Chlorothalonil 1996), has been
detected. It is also claimed that most herbicides and
some other pesticides will affect the metabolism of
mycorrhizal fungi and can interfere with the establish-
ment of symbiosis between fungi and the plant (DaSilva
et al. 1977, Marx and Rowan 1981). In some cases,
pesticide toxicity in pure culture test has been con-
firmed with field experiments in nurseries (Marx et al.
1986, Marx 1987, Chakravarty and Sidhu 1987,
Chakravarty and Chatarpaul 1988).

In this experiment chlorothalonil and propiconazole
were particularly toxic to different ectomycorrhizal

fungi in pure culture tests. Due to their intensive use
both in forest nurseries and agricultural land, it is
recommended that the toxicity of these fungicides to
ectomycorrhizal fungi should be evaluated also with
field experiments.
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