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Effects of manipulation of litter and humus layers on ectomycorrhizal
colonization potential in Scots pine stands of different age

Abstract Effects of manipulation of litter and humus
layers (removal, doubling and control treatments) on
the colonization potential of ectomycorrhizal fungi
were studied in two secondary stands of Pinus sylvestris
(5 and 18 years old) in The Netherlands. Five-month-
old, sterile-grown Scots pine seedlings, inoculated with
Laccaria bicolor, Paxillus involutus or Rhizopogon lu-
teolus and noninoculated seedlings were used as baits.
The scedlings were harvested after one growing season.
For comparison, sporocarps of ectomycorrhizal fungi
were also investigated. Genus composition on the seed-
lings was independent of initial inoculum, but deter-
mined by both treatment and age of the stands. In both
stands, removal of litter and humus layers increased,
and addition of organic material decreased the number
of ectomycorrhizal types on the seedlings. Not all indi-
genous genera were observed by either outplanting seed-
lings or sporocarp surveys.

Key words Colonization potential - Ectomycorrhizal
fungi - Litter and humus layer - Pinus sylvestris

Introduction

In a previous study, the effects of removal of litter and
humus layers on ectomycorrhizal fungi were assessed
(Baar and Kuyper 1993). Removal of litter, humus and
the herbaceous vegetation by sod cutting (removal of
the organic top soil and vegetation) was found to raise
the number of species and sporocarps compared to the
control plots in young ( <15-year-old) and middle-aged
(15- to 50-year-old) secondary Scots pine forests. In the
same forests, addition of ectorganic layers by adding
sods, simulating thick litter and humus layers of old
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(>50 years) forests, reduced the numbers of species
and sporocarps compared to the control plots.

Ectomycorrhizal fungi, however, are not observed
when they do not form sporocarps, so sporocarp sur-
veys must be repeated for several years. In the present
study, pine seedlings were used as baits to investigate
the colonization potential of ectomycorrhizal fungi in-
cluding nonsporocarp-forming species, as affected by
soil treatments (Stenstrom 1990; Arnebrant 1991; Dahl-
berg and Stenstrom 1991).

The objectives of the present study were (1) to de-
termine effects of manipulation of litter and humus
layers on the ectomycorrhizal colonization capacity, (2)
to investigate replacement of inoculated fungi by indi-
genous fungi, and (3) to compare the results of baiting
with those of sporocarp surveys.

Materials and methods

Study sites

The study was carried out in two secondary stands (5 and 18 years
old) of Pinus sylvestris L. both situated in the forest Dwingeloo in
the northeastern part of The Netherlands 52°49” N, 6° 28" E and
52° 50" N, 6° 25" E, respectively) in 1992. Until 1939, the site of
the 5-year-old stand was heathland. Then Picea sitchensis (Bong,)
Carr. mixed with Castanea sativa Miller, Fagus sylvatica L., Betula
spp. and Prunus spp. was planted. In 1988, this stand was felled
and replanted with Pinus sylvestris. The canopy of the 5-year-old
stand covered about 25% in 1992. Until 1920, the site of the 18-
year-old stand was also heathland. Then Pinus sylvestris mixed
with Quercus rubra L. and Picea abies (L.) Karsten was planted.
In 1974, the stand was felled and replanted with Pinus sylvestris.
The canopy of the 18-year-old stand covered 90% in 1992. The
soils of both stands are podzolic. In May 1990, litter and humus
layers of four plots (15 x 15 m) per stand were removed (“sod cut-
ting”). At the same time, ectorganic material was added to four
plots (“sod adding”), simulating ageing of the humus profile, and
four control plots were selected. The few naturally regenerated
deciduous trees were chopped and Scots pine seedlings were re-
moved every year. In May 1992, the average thickness of the hu-
mus layers of the control and sod-added plots in the 5-year-old
stand were 8 and 11 cm, respectively. The herbaceous understory
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Fig. 1 Experimental design of one plot (N.i. noninoculated seed-
lings, L.b. inoculated with Laccaria bicolor, P.i. inoculated with
Paxillus involutus, R.l. inoculated with Rhizopogon luteolus, 22
number of outplanted seedlings)

vegetation of all plots in the 5-year-old stand consisted of Des-
champsia flexuosa (L.) Trin., Chamérion angustifolium (L.) Ho-
lub and Calluna vulgaris (L.) Hull. The average thickness of the
humus layers of the control and sod-added plots in the 18-year-
old stand were 10 and 9 cm, respectively. The control and sod-
added plots in the 18-year-old stand were dominated by Des-
champsia flexuosa, Ceratocapnos claviculata (L.) Lidén and Mol-
inia caerulea (L.) Moench. The herbaceous vegetation of the sod-
cut plot consisted of Calluna vulgaris, Carex pilulifera L. and Des-
champsia flexuosa.

Baiting procedure

Seeds of Pinus sylvestris originating from forest Junne in the
northeastern part of The Netherlands were sterilized in 15%
H,0; for 30 min. Sterilized seeds were germinated on sterile wa-
ter agar containing 0.5% glucose in December 1991. After germi-
nation, seedlings were inoculated or not with isolates of Laccaria
bicolor (Maire) P.D. Orton, Paxillus involutus (Batsch: Fr.) Fr. or
Rhizopogon luteolus Fr. Laccaria bicolor had been collected in
the autumn of 1990 in a 50-year-old secondary stand of Pinus syl-
vestris, located in the northeastern part of The Netherlands. Pax-
illus involutus and Rhizopogon luteolus had been collected in the
autumn of 1990 in a 15- to 20-year-old primary Scots pine stand,
located in the central part of The Netherlands. These fungi were
chosen because they reacted strongly on removal of litter and hu-
mus layers or accumulation of ectorganic material as shown by
observations on sporocarps (Baar and Kuyper 1993), and because
these species can easily be cultured and inoculated. Laccaria bico-
lor and Rhizopogon luteolus were positively affected by sod cut-
ting, whereas sporocarps of Paxillus involutus were mainly found
in the control plots.

Inoculated seedlings were grown in vitro on twice autoclaved
(20 min, 110° C) peat, vermiculite and MMN solution (at 4:10:7
by volume) in closed glass tubes in a greenhouse from January to
May 1992. Peat, vermiculite and MMN solution was used as sub-
strate to stimulate ectomycorrhizal development. Noninoculated
seedlings were grown in small pots with sandy soil originating
from the 15- to 20-year-old primary Scots pine stand. Nonectomy-
corrhizal seedlings developed better in sandy soil than in peat,
vermiculite and MMN solution. Day temperature was kept at
21°C and night temperature at 8°C for 3 months, then the day
temperature became the outdoor temperature while the night
temperature was kept at a minimum of 10° C.

In May 1992, 88 seedlings were planted out in one control
plot, 88 seedlings in one sod-cut plot and 88 seedlings in one sod-
added plot in the 5-year-old stand. Four groups consisting of 22

seedlings each were planted at four sites in each plot. The dis-
tance between two sites was 8 m (Fig. 1). Each group of seedlings
was covered with wire netting to protect them from grazing by
animals. The same procedure was carried out in the 18-year-old
stand.

Five months later, 10 surviving seedlings per site were har-
vested (or fewer when fewer seedlings survived). The root sys-
tems were cut off and stored in a glutaraldehyde buffer (Alexan-
der and Bigg 1981) until further analysis.

Determining ectomycorrhizal incidence

The root systems were studied using a dissecting microscope. The
ectomycorrhizas were divided in two groups on the basis of ap-
pearance. Well-developed ectomycorrhizas with a smooth, rela-
tively thick mantle were categorized as vital. Poorly developed
ectomycorrhizas with a dented and more or less wrinkled mantle
or no distinct mantle were categorized as non-vital. Only well-
developed ectomycorrhizas could be identified on the basis of col-
our and morphology (Agerer 1987; Ingleby et al. 1990). Types
thus recognized generally correspond to fungal taxa at the genus
level except for ITE3. Therefore, the terms below-ground ecto-
mycorrhizal types and above-ground fungal genera will be treated
as equivalent.

Root length per seedling was determined according to the line
intersect method of Newman (1966). Total numbers of root tips,
numbers of vital and nonvital ectomycorrhizal and nonectomy-
corrhizal root tips per seedling were determined. The frequencies
of ectomycorrhizal (vital and nonvital) and nonectomycorrhizal
root tips were calculated from number of ectomycorrhizal root
tips/number of ectomycorrhizal root tips + number of nonecto-
mycorrhizal root tips. The frequencies of vital ectomycorrhizal
root tips of each ectomycorrhizal type were also calculated, as
well as the total number of root tips/cm root.

Survey of sporocarps

From the beginning of September until the end of October 1992,
the plots of the 5- and 18-year-old stand were surveyed three
times for sporocarps of ectomycorrhizal fungi. The caps of sporo-
carps were removed in order to avoid double counting.

Statistical analysis

The main effects of treatments and stand ages were tested with
one-way ANOVA when the variables did not show interaction
(Sokal and Rohlf 1981). Data not normally distributed, even after
log transformation, were analysed with the Kruskal-Wallis test
(Siegel and Castellan 1988).

Results
Mycorrhizal types on the seedlings

The initial inoculum did not affect the composition of
types on the seedlings after one growing season. How-
ever, the composition of ectomycorrhizal types of the
seedlings differed between the two stands. Hebeloma,
Rhizopogon and Thelephora were only observed on
seedlings in the 5-year-old stand and Lactarius and
Russula were found only on seedlings planted in the 18-
year-old stand (Table 1).

In the 5-year-old stand, seedlings in all treatments
had mycorrhizal root tips dominated by Laccaria (Ta-



Table 1 Average frequency of ectomycorrhizal types (in %) of
seedlings planted in 5- and 18-year-old secondary Scots pine
stands. The ectomycorrhizal types on the seedlings similar to the
initial inoculum are printed in bold. The species are abbreviated
as follows: Aman Amanita spp., Ceno Cenococcum spp., Hebe

269

Hebeloma spp., ITE3 ITE3, Lacc Laccaria spp., Lact Lactarius
spp., Paxi Paxillus spp., Rhiz Rhizopogon spp., Russ Russula spp.,
Thel Thelephora spp. (O control, R removal of litter and humus
layers, A addition of organic material, n» number of seedlings har-
vested)

Initiated inoculum n  Ectomycorrhizal root tips  Vital root tips
Non Non-vital  Vital
S-year-old stand Aman Ceno Hebe ITE3 Lacc Paxi Rhiz Russ Thel
O: Noninoculated 10 281 291 43.0 — .6 — — 430 — — — —
Laccaria bicolor 3 391 228 38.1 — — — — 381 — — — o
Paxillus involutus 7 161 139 70.0 — — — — 664 126 — — —
Rhizopogon luteolus 10 147 156 69.7 — — — — 69.7 — — — —
R: Noninoculated 10 257 193 56.9 — — — — 460 — 582 — 26.4
Laccaria bicolor 3 130 328 54.1 — — 31.9 — 478 — 78 — —
Paxillus involutus 8§ 180 239 58.1 24.7 — — — 478 — 165 — —
Rhizopogon luteolus 5 139 458 40.3 — 2 334 — 167 — 88 — —_
A: Noninoculated 10 593 8.3 333 — — — 17.7 23 — — — —
Laccaria bicolor 10 328 137 53.6 — — — 5.8 50.7 — — ~— —
Paxillus involutus 10 114 227 65.9 —_ — — — 659 — — — —
Rhizopogon luteolus 9 14.5 7.5 789 — — — — 789 — — — —
18-year-old stand Aman Ceno Hebe ITE3 Lace Lact Paxi Rhiz Russ
O: Noninoculated 10 91.8 55 2.7 — — — 4.5 — 46 — —
Laccaria bicolor 10 791 173 3.6 — — — — 86 86 — — 1.8
Paxillus involutus 10 589 411 — — — — — —_ — —_ —_
Rhizopogon luteolus 10 640 340 113 — — — — — 113 — — —
R: Noninoculated 10 527 154 31.8 — 31.8 — 1.3 241 116 — — 13.4
Laccaria bicolor 10 513 309 27.0 2.9 — 329 351 — — —
Paxillus involutus 10 535 418 4.7 4.9 — — — — 1.0 40 — 3.9
Rhizopogon luteolus 10 53.5  40.3 6.2 — — — — 51 — — 52.0
A: Noninoculated 10 89.0 105 5.0 — 5.0 — — — — — — —
Laccaria bicolor 10 682 309 83 — — — — 83 — — — —
Paxillus involutus 10 585 415 — — — — — —_ _ — — —
Rhizopogon luteolus 10 731 26.7 1.3 —_ 1.3 — — — — — —_ —

ble 1). The highest number (6) of ectomycorrhizal types
was found in the sod-cut plot (Fig. 2). The lowest num-
ber of types (2) was observed in the sod-added plot.

In the sod-cut plot of the 18-year-old stand, Laccar-
ia, Lactarius and Russula were the most frequent types
(Table 1). In the sod-added plot, only two types were
found, Cenococcum and Laccaria. The highest number
(7) of ectomycorrhizal types was observed in the sod-
cut plot, the lowest number (4) in the sod-added plot
(Fig. 2).

Of the total number of seedlings, 14% and 2.3%
contained two or three ectomycorrhizal types, respec-
‘tively, on the roots of the same seedling. No ectomy-
corrhizal root tips were found on 3.3% of the total
number of surviving seedlings.

Root parameters

The root length, the number of root tips per seedling
and the frequencies of vital ectomycorrhizal root tips of
the seedlings were significantly higher (P <0.001) in the
S-year-old stand than in the 18-year-old stand (Tables

1, 2). The numbers of root tips/cm root of the nonino-
culated seedlings in the S-year-old stand were signifi-
cantly higher (P<0.001) than in the 18-year-old stand
(Table 1). The frequencies of occurrence of Laccaria
were significantly higher (P<0.001) in the 5-year-old
stand than in the 18-year-old stand.

Sporocarp survey

The number of species and genera over all treatments
was higher in the younger stand than in the 18-year-old
stand (Table 3). The highest number of genera (6) was
found in the control and sod-cut plots of this stand (Ta-
ble 3). In the 18-year-old stand, the highest number of
genera (5) was recorded in the sod-cut plot.

Comparison between baiting and sporocarp survey

Higher numbers of ectomycorrhizal genera were ob-
served in control and sod-added plots in the 5-year-old
stand by sporocarp survey than by baiting (Fig. 2). Cor-
tinarius, Gomphidius and Suillus were only observed by
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Fig. 2 Number of ectomycorr- 7
hizal genera observed on the
roots of the seedlings (below
ground) and as sporocarps
(above ground) in the (a) 3-
and (b) 18-year-old stands (O
control, R removal of litter
and humus layers, A addition
of organic material)
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Table 2 Average root length and total number of roots of the
seedlings in the 5- and 18-year-old stands (O control, R removal
of litter and humus layers, A addition of organic material, # num-
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ber of seedlings harvested, Rl root length, NrRt number of root
tips per seedling, Rt-cm ~! number of root tips/cm root per seed-

ling)

Initial inoculum 5-year-old stand

18-year-old stand

n Rl NrRt Rt-cm ! n R1 NrRt Rt-cm !
O: Noninoculated 10 169+63 556.9£230.1 3.4x0.6 10 34+17 87.1%£55.2 24£09
Laccaria bicolor 3 68+15 151.5£ 29.5 23+0.1 10 34+17 87.1+55.2 24+1.0
Paxillus involutus 7 11040 399.7+194.0 3.5+05 10 20+ 4 60.6£31.3 29+1.0
Rhizopogon luteolus 10 10334 445.6+£176.6 43+0.9 10 28+ 8 82.7+£52.9 29+1.6
R: Noninoculated 10 87428 393.0+159.1 45%+1.0 10 39x15 129.2£39.2 3.5+0.7
Laccaria bicolor 3 68+ 14 1703+ 65.6 2.5x05 10 54+£31 132.6£96.3 22+0.8
Paxillus involutus 8 70+29 2241+ 98.4 3.2+£0.7 10 36+13 128.5£69.3 34+1.2
Rhizopogon luteolus 5 72+32 271.0x113.0 3.8+0.7 10 41+ 7 96.0£42.0 23+£0.7
A: Noninoculated 10 10440 279.5+137.8 2.5+03 10 40£19 83.2157.6 1.9+0.4
Laccaria bicolor 10 944352 287.0+201.1 2.9+0.6 10 53+20 139.1+£59.3 2.5x05
Paxillus involutus 10 10031 319.2+152.7 3.0£0.8 10 33+£13 105.4+£67.0 33+2.1
Rhizopogon luteolus 9 100+39 266.8+£102.7 2.6%+0.5 10 36x11 105.7£51.5 29+12

sporocarp surveys and Cenococcum, Hebeloma and
ITE3 only below ground (Tables 1, 3). Higher numbers
of ectomycorrhizal genera were found in all treatments
in the 18-year-old stand below ground than by investi-
gating sporocarps (Fig. 2). The ectomycorrhizal genera
Amanita, Inocybe and Russula were only observed by
sporocarp surveys and Cenococcum and I'TE3 only be-
low ground (Tables 1, 3).

Discussion

Ectomycorrhizal genus composition on the seedlings
was independent of initial inoculum (Table 1). Howev-
er, in two cases Paxillus was observed in low amounts
which might be either inoculated or indigenous. In the
5-year-old stand Paxillus was mostly replaced by Lac-
caria, which can be attributed either to direct competi-
tion among the fungi or to environmental factors like

the nutrient content of the soil (Stenstrom 1990) differ-
entially affecting the fungi. It is unclear whether inocu-
lated or indigenous Laccaria and Rhizopogon were ob-
served. We did not attempt to distinguish between ino-
culated and indigenous genera.

Manipulation of the litter and humus layers affected
the ectomycorrhizal types on the seedlings. The highest
numbers of vital ectomycorrhizal types were observed
in the sod-cut plots (Table 1). These observations are in
accordance with observations above ground (Table 3,
Fig. 2). Earlier investigations showed that ectomycor-
rhizal sporocarps and species were positively affected by
removal of litter and humus layers (Grosse-Brauck-
mann and Grosse-Brauckmann 1978; Termorshuizen
1990; Tyler 1991; Baar and Kuyper 1993), probably be-
cause of removal of large amounts of nitrogen and phe-
nolics with the litter and humus (Baar et al. 1994b).

The lowest number of ectomycorrhizal types was ob-
served in the sod-added plots (Table 1). Addition of ec-
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Table 3 Number of ectomy-

f ; Species
corrhizal sporocarps in control P

5-year-old stand 18-year-old stand

(0), sod-cut (R) and sod-ad-
ded (A) plots of 5- and 18- © R A O R A
year-old Scots pine stands Amanita rubescens Pers.: Fr. 2
Cortinarius croceus (Schaeff.) Fr. 3
Cortinarius semisanguineus (Fr.) Gill 2 2
Gomphidius roseus (L.: Fr.) Fr. 1
Inocybe brevispora Huijsman 7
Inocybe lacera (Fr.: Fr.) Kumm 33
Laccaria bicolor 2 3202 1301
Laccaria proxima (Boud.) Pat. 1648 943 723 2
Lactarius hepaticus Plowr. 14 74 1
Lactarius rufus (Scop.: Fr.) Fr. 2 40
Paxillus involutus 9 2
Rhizopogon luteolus 2 6
Russula ochroleuca Pers. 8 3
Suillus bovinus (L.: Fr.) O. Kunze 13 39 1
Suillus variegatus (Sw.: Fr.) O. Kuntze 5
Thelephora terrestris Willd.: Fr. 889 414 294
Total number of sporocarps 2569 1412 1222 26 1460 1
Number of species 8 8 5 4 71
Number of genera 6 6 4 3 51

torganic material led to thick humus layers with high
amounts of nitrogen and humus components like phe-
nolics. A negative effect of thick humus layers on the
ectomycorrhizal types Dermocybe, Hebeloma and Pi-
loderma croceum was observed by Markkola and Oh-
tonen (1988), who suggested that this was partly due to
high amounts of nitrogen in the humus layers. Arne-
brant and Soderstrom (1992) showed that large
amounts of nitrogen negatively affected seedling ecto-
mycorrhizas. A negative effect of the presence of or-
ganic layers on ectomycorrhizas of seedlings of Abies
concolor (Gord. et Glend.) Lindl.) was likewise noticed
by Alvarez et al. (1979). Schoeneberger and Perry
(1982) found a negative effect of forest litter on ecto-
mycorrhizal root tips of seedlings of Pseudotsuga men-
ziesii (Mirb.) Franco.

The genus composition of the ectomycorrhizal fungi
below and above ground differed among the two stands
in all treatments (Table 1). Laccaria, presumably main-
ly consisting of Laccaria proxima as shown by the re-
sults of the sporocarp survey (Table 3), dominated in
all treatments in the 5-year-old stand. Dominance of
Laccaria proxima in the 5-year-old stand can be ex-
plained by establishment from spore inocula when co-
lonizing previously unforested sites (Newton 1992).
Laccaria ectomycorrhizas in the sod-added plot in the
S-year-old stand may also belong to Laccaria bicolor as
the results of the sporocarp survey show (Table 3). Lac-
caria bicolor probably benefited from nitrogen present
in litter (Baar et al. 1994a). An increase of sporocarps
of Laccaria bicolor was recorded after fertilization in
pine forests (Ohenoja 1988). The most abundant my-
corrhizal types on the seedlings in the 18-year-old stand
were Laccaria, Lactarius and Russula. Laccaria ectomy-
corrhizas in the 18-year-old stand presumably belong to
Laccaria bicolor as sporocarps of Laccaria bicolor were
mainly recorded.

Lactarius and Russula, only found in the 18-year-old
stand, were able to form ectomycorrhizas with the out-
planted seedlings (Tables 1, 3). Fleming et al. (1986) li-
kewise observed in a birch wood that young seedlings
largely colonized by fungi were usually found near ma-
ture trees. A consequence of this means of infection is
that young plants are rapidly integrated into an absorp-
tive network of ectomycorrhizal mycelia, which is likely
to be of considerable ecological significance (Read
1991). A similar proposal was made by Arnebrant
(1991) who observed the same ectomycorrhizal types
on scedlings and on mature trees.

Cenococcum was found on the roots of noninocu-
lated seedlings in the sod-cut plot in the 18-year-old
stand (Table 1). This observation is in accordance with
findings of Dahlberg and Stenstrém (1991), who found
Cenococcum on seedlings planted in mineral soil with-
out humus in former Scots pine forests, but contradicts
results of Meyer (1987) and Markkola and Ohtonen
(1988), who noticed that ectomycorrhizas of Cenococ-
cum were abundant in thick nitrogen-rich humus
layers.

The number of root tips/cm root was in accordance
with findings by Arnebrant and Soderstrom (1992).
The low numbers of root tips, the low root lengths (Ta-
ble 2), the low frequencies of vital ectomycorrhizal root
tips, high frequencies of nonectomycorrhizal roots (Ta-
ble 1) and low number of root tips/cm root in all treat-
ments in the 18-year-old stand are probably due to phe-
nolic compounds in the ectorganic layer and to inor-
ganic ammonium in the soil (J. Baar and F.W. de Vries,
unpublished work).

Several ectomycorrhizal fungi were not observed by
either baiting or sporocarp survey. Genera such as Ce-
nococcum and ITE3 never form sporocarps. And no
sporocarps of Hebeloma were found although ectomy-
corrhizas were observed. Hebeloma might have either
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colonized the baits and disappeared after harvesting
the outplanted seedlings, or it might also have formed
ectomycorrhizas with mature trees and established per-
manently. Slow-growing fungi might not colonize the
seedlings within one growing season even though they
were present at high relative frequencies on the roots
of mature trees (Arnebrant and Soderstrom 1991).
Dahlberg and Stenstréom (1991) noted that the number
of ectomycorrhizal roots of outplanted seedlings in-
creased 2.5 times within 2 years. An alternative expla-
nation is that some species that may grow rapidly but
have just established in the sod-cut plots have too little
mycelia to colonize the seedlings (Dahlberg and Sten-
strom 1991) in 5 months. Sporocarps of Inocybe lacera
were recorded in low numbers in sod-cut plots in Scots
pine stands and none in control plots 18 months after
sod cutting (Baar and Kuyper 1993). This indicates col-
onization of the sod-cut plots by L lacera by spores aft-
er sod cutting. At the time our seedlings were planted
only small sized mycelia of I lacera would be ex-
pected.

Baiting is a good method to determine the coloniza-
tion potential of ectomycorrhizal fungi due to different
treatments (Arnebrant and Soderstrom 1992). Ectomy-
corrhizal genera of which no sporocarps were observed
(no sporocarp formation, hypogeous genera) are also
recorded by outplanting seedlings. Although it is possi-
ble to identify the ectomycorrhizal types of Pinus syl-
vestris to the genus level, in most cases it is still impos-
sible to identify these types to the species level. A com-
bination of observing sporocarps and roots of out-
planted seedlings is a good way to study the effects of
different treatments on physiologically active ectomy-
corrhizal fungi in the field. However, it would be
worthwhile to leave the baits in the field for more than
one growing season, cnabling slower-growing and just
established fungi to colonize the seedlings.

The results of the present study demonstrate that
manipulation of litter and humus layers strongly affects
the ectomycorrhizal colonization capacity. What Ter-
morshuizen (1991) concluded for the occurrence of ec-
tomycorrhizal sporocarps in Scots pine forests of differ-
ent ages also holds for mycorrhization of seedlings: it is
not ageing of the trees but ageing of the forest soil
which is likely to be the main factor determining ecto-
mycorrhizal infection.
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