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humboldtiana in two riparian populations from central Argentina

Introduction

Mycorrhizae are mutualistic associations between fungi and 
plant roots. The two most widespread types of mycorrhizal 
associations are ectomycorrhizae (ECM) and arbuscular 
mycorrhizae (AM). Some species of Salix (Lodge 1989), 
Populus (Lodge 1989), Eucalyptus (Lapeyrie and Chilvers 
1985; Jones et al. 1998), and Alnus (Molina et al. 1994; 
Becerra et al. 2005a) form both ECM and AM. Field obser-
vations have shown that dominance of either type of mycor-
rhizae could occur in Salix and Populus species (Lodge 
1989).

In addition to ECM and AM fungi, roots of many plant 
species are often colonized by fungi collectively called dark-
septate endophytes (DSE). DSE are characterized by mela-
nized, thick-walled, septate hyphae (Jumpponen and Trappe 
1998; Jumpponen 2001; Yu et al. 2001; Cázares et al. 2005). 
The function and taxonomic affi nities of these fungi are 
poorly understood, but they are ascomycetes (Mandyam 
and Jumpponen 2005).

Different species of Salix are grown all over the world 
for fodder, fuel, construction material, and environmental 
preservation because of their wide adaptability. They can 
grow in poor and exposed soils (Roberston 1984). In Argen-
tina, Salix humboldtiana Willd. (Sauce criollo in Spanish) is 
the only native species of Salix. Their populations are dis-
tributed along streams, rivers, and lakeshores, and it occurs 
in habitats in which soils are heavily infl uenced by water-
level fl uctuations (Ragonese 1987). This tree is harvested 
for fi rewood, pulp, and timber (Dimitri et al. 1998).

Previous studies have focused on the occurrence of ecto-
mycorrhizae, arbuscular mycorrhizae, and dark-septate 
endophytes of Salix species from North America, Europe, 
and Australia (Antibus et al. 1980; Marshall and Pattullo 
1981; Harley and Harley 1987; Lodge 1989; Read 1989; 
Cázares 1992; Khan 1993; Dhillion 1994; Graf and Brunner 
1996; van der Heijden et al. 1999; van der Heijden and 
Vosatka 1999; Jumpponen et al. 1999; Sasaki et al. 2001; 
van der Heijden 2001; Baum et al. 2002; Trowbridge and 
Jumpponen 2004). In addition, Salix spp. roots were most 
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Abstract Colonization of Salix humboldtiana (Salicaceae) 
by ectomycorrhizae (ECM), arbuscular mycorrhizae (AM), 
and dark-septate endophytic (DSE) fungi was studied 
throughout autumn on two riparian populations in central 
Argentina. AM and DSE infection on roots ranged from 
0% to 17% and from 2% to 20% respectively, whereas 
ECM colonization was higher, varying between 33% and 
99% for both sites. Seven ECM morphotypes were found 
on S. humboldtiana roots. The nuclear rDNA internal tran-
scriber spacer (ITS) region from the ectomycorrhizal root 
tips was amplifi ed using ITS-1F and ITS-4 primers. Two of 
the seven ECM types were identifi ed by searching GenBank 
blasts: one attributed to the genus Tomentella (Thelepho-
raceae) and the second most closely matched to Inocybe 
sp. (Cortinariaceae). The ECM colonization varied among 
sampling dates and sites, whereas AM and DSE coloniza-
tion varied only among sampling dates. Diversity values for 
the ECM morphotype were not signifi cantly different for 
autumn months or among the two sites. Positive correla-
tions were found between Inocybe sp. and sites and between 
Inocybe sp., Tomentella sp., morphotypes III, IV, and VI, 
and sampling dates. This article provides the fi rst docu-
mented evidence of co-occurrence of ECM, AM, and DSE 
in S. humboldtiana.

Key words ITS sequence analysis · Morphological charac-
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commonly colonized by ECM fungi and less by AM fungi 
(Helm et al. 1996; van der Heijden and Vosatka 1999; 
Trowbridge and Jumpponen 2004). In contrast, Read and 
Haselwandter (1981) and Graf and Brunner (1996) found 
only ECM colonization in S. herbaceae L.

Considering the lack of studies on the mycorrhizal status 
of Salix humboldtiana in Argentina, the aims of this study 
were (a) to determine the type and abundance of mycor-
rhizal symbioses present in S. humboldtiana on two differ-
ent riparian populations in central Argentina during the 
autumn season; (b) to determine the fungal sporocarps, 
diversity, and morphology of the ECM; and (c) to identify 
the ECM-associated taxa throughout the GenBank blast 
searches of mycorrhizal fungal DNA sequences.

Materials and methods

Sampling sites

The fi eld sites are located in Córdoba Province (central 
Argentina): (1) Hayke, Punilla Department, elevation 
839 m, 31°29′54.1″ S, 64°35′40″ W, average precipitation 
720 mm, soil classifi ed as Lythic Udorthent; and (2) La 
Calera, Colón Department, 492 m elevation, 31°21′10.3″ S, 
64°21′26.6″ W, average precipitation 400–500 mm, soil clas-
sifi ed as Paralitic Ustorthent. Soil physicochemical charac-
teristics are presented in Table 1. Mean annual temperatures 
range from 8° to 24°C for both locations. The plant com-
munity is dominated by trees such as Fagara coco (Gill.) 
Engler (Rutaceae), Acacia caven (Molina) Molina, Proso-
pis alba Griseb., and Geoffroea decorticans (H. & Arn.) 
Burk. (Fabaceae), and shrubs such as Celtis chichape 
(Wedd.) Miquel (Celtidaceae), Schinus praecox (Griseb.) 
Speg. (Anacardiaceae), and Colletia spinosissima Gmel. 
(Rhamnaceae) (Luti et al. 1979).

Salix humboldtiana populations (height, 6–15 m; age, 
20–30 years) in the Hayke site are located along the river-
banks of San Pablo Creek and in the La Calera site 
are located along the Suquía River. In both sites, the 
areas remained water saturated during the rainy seasons 
(summer–autumn), the root systems of trees being partially 
submerged during this time.

Sampling of fi ne roots, soil, and sporocarps

Five square plots (10 m × 10 m) were established randomly 
within a homogeneous area (100 × 50 m) in each site during 
autumn, sampling monthly from April to June of 2003. A 
mature tree (i.e., an individual producing female and male 
fl owers) with a trunk diameter of 65–100 cm was sampled 
inside each plot, and soil samples of 15 × 15 cm and 25 cm 
depth were excavated at 15 cm to 1 m from the trunk of 
each tree. The majority of S. humboldtiana roots occurred 
in the top 20 cm of the soil at both sites. Two soil samples 
per each individual tree were taken each sampling time. 
The samples were placed in plastic bags and stored at 4°C 
during transport to the laboratory. Sporocarps occurring in 
each site during autumn were sampled and identifi ed using 
various identifi cation manuals (Wright et al. 1973; Largent 
1986; Largent et al. 1986; Moreno et al. 1986; Singer 1986; 
Wright and Albertó 2002).

Analysis of ectomycorrhizal root samples

Salix humboldtiana roots (the only ectomycorrhizal tree in 
the area) were easily distinguished by their morphological 
appearance, although herbaceous plant roots were often 
present in the samples. Every root sample was checked for 
ECM roots. The ECM were carefully extracted and sorted 
into morphotypes according to their morphological fea-
tures. Criteria for sorting included color, mantle layers, 

Table 1. Soil properties of the two sites Hayke (Punilla Department) and La Calera (Colón 
Department) as analyzed from soil profi les taken during fi eldwork

Parametera Hayke La Calera

Soil type Lythic Udorthent Paralitic Ustorthent
pH 1 : 2.5 7.36 ± 0.25 7.43 ± 0.25
Electrical conductivity (dS m−1) 0.23 ± 0.05 0.50 ± 0.09
Available phosphorus (mg kg−1) 4.04 ± 0.86 14.89 ± 3.02
Total nitrogen (%) 0.12 ± 0.04 0.20 ± 0.06
Organic matter (%) 2.16 ± 0.65 3.8 ± 1.14
Cation-exchange capacity (cmol kg−1) 11.56 ± 1.31 17 ± 1.93
Ca+ (cmol kg−1) 7.56 ± 2.09 11.23 ± 3.10
Mg+ (cmol kg−1) 2.05 ± 0.95 2.35 ± 1.09
Na+ (cmol kg−1) 0.54 ± 0.46 0.34 ± 0.29
K+ (cmol kg−1) 0.89 ± 0.59 1.12 ± 0.74
Cu (ppm) 0.55 ± 0.12 0.89 ± 0.20
Fe (ppm) 40.89 ± 11.87 20.13 ± 5.85
Zn (ppm) 0.44 ± 0.09 0.65 ± 0.14
Mn (ppm) 4.42 ± 2.09 1.62 ± 0.77
Texture Sandy loam Loam sandy

Data are mean ± standard error values of 15 soil samples
a The analyses were Bray and Kurtz I method for available phosphorus; micro-Kjeldhal method 
for total N; Nelson and Sommers (1982) for organic matter; electric conductivity and pH in 1 : 2.5 
suspension of soil in water; cations after equilibrium of soil in 0.1 N NH4Cl
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branching pattern, emanating hyphae, characteristics of rhi-
zomorphs, and cystidia, following Agerer’s (1991, 1999) 
methodology. Roots were analyzed under a Zeiss stereo 
microscope at 10–40× magnifi cation and photographed with 
a Zeiss Axiophot light microscope at 200–1000×. Presence 
of Hartig net was confi rmed in all morphotypes.

The percentage of root tips colonized by ECM fungi was 
determined as described by Gehring and Whitham (1994). 
ECM roots were distinguished from nonmycorrhizal roots 
by the occurrence of a fungal mantle or Hartig net or both. 
The roots in each sample were divided into three subsam-
ples because of the large number of root tips (200–400). The 
subsamples were randomly distributed on a plastic plate 
grid of 9 × 6 compartments each measuring 2.5 × 2.5 cm. 
The percentage of ECM colonization was calculated as the 
number of ECM root tips divided by the total number of 
root tips (Gehring and Whitham 1994). The percentage of 
colonization for each ECM morphotype was calculated for 
each sampled tree by dividing the number of root tips of 
each ECM type by the total number of root tips and multi-
plying by 100 (Helm et al. 1999).

Diversity of mycorrhizal morphotypes was calculated 
by the reciprocal of Simpson’s dominance index (SR) 
(Simpson 1949) using the mean relative percentage of each 
morphotype associated with each tree. Relative coloniza-
tion of morphotype t on a root system was calculated by 
dividing the percentage of morphotype t by the total 
percentage:

SR = ⎛
⎝⎜

⎞
⎠⎟=

−

∑ pt
t

m
2

1

1

where pt is the relative colonization of ECM morphotype t 
and m is the number of ECM morphotypes. Simpson’s 
diversity index tends to be less sensitive to sample size and 
minor species compared with other diversity indexes (Helm 
et al. 1996).

Molecular identifi cation of ECM

Three to fi ve mycorrhizal tips of each of the seven morpho-
types from both sites were prepared for DNA extraction 
(Gardes and Bruns 1993). When available, two replicates 
from each morphotype were extracted. The internal tran-
scribed spacer (ITS) region for the nuclear rDNA repeat 
was amplifi ed with the polymerase chain reaction (PCR) 
using ITS-1F/ITS-4 primers (White et al. 1990; Gardes and 
Bruns 1993). This primer pair preferentially amplifi es the 
fungal ITS region. We used the reagents, protocols, and 
cycling parameters described previously by Gardes and 
Bruns (1996). DNA products were purifi ed with a QIA-
quick Purifi cation Kit, following the manufacturer’s proto-
col, and then sequenced with the primers ITS-1F and ITS-4 
on an ABI Model 373A (Perkin-Elmer) automated DNA 
sequencer at the Center of Gene Research and Biotechnol-
ogy at Oregon State University. DNA sequencing Analysis 
(version 2.01) and Sequence Navigator software were used 
to process the raw data. The resulting edited sequences 
were queried in GenBank databases at the National Center 

for Biotechnology Information (NCBI), using the BLAST 
algorithm (Altschul et al. 1997). ECM taxon names were 
based upon the taxonomic level supported from the BLAST 
results.

Analysis of arbuscular mycorrhizae and dark-septate 
endophytes

Nonectomycorrhizal roots were randomly sampled for AM 
and DSE observation and stored in 50% alcohol at 4°C until 
processed. Samples were cleared in 5 ml 20% KOH solu-
tion. The beakers were maintained at room temperature for 
24 h. After clearing, the roots were washed and acidifi ed in 
5 ml 2% HCl for 4 min. Roots were then stained in 5 ml 5% 
aniline blue at room temperature for 24 h (Grace and Strib-
ley 1991). After staining, the roots were stored in 50% 
glycerin. AM and DSE colonization was observed and 
quantifi ed with stereo- and compound microscopy. Multiple 
root samples (between 15 and 20 roots, 1 cm long) from 
each plant were mounted on slides and viewed under a 
compound microscope at 40× (McGonigle et al. 1990). The 
presence of AM or DSE fungal structures was scored for 
100 intersections of root and reticle line per plant. An inter-
section was considered colonized if the reticle intersected 
vesicles, arbuscules, nonseptate hyphae, DSE-melanized 
septate hyphae, and microsclerotia. The colonization per-
centages are expressed as colonized intersects/total number 
of intersects × 100.

Voucher mycorrhizae of all types were deposited in 
the “Museo Botánico de Córdoba” Herbarium (CORD) 
(Holmgren et al. 1990).

Statistical analysis

Analysis of variance (ANOVA) using the Infostat statistical 
package (Di Rienzo et al. 2002) was used to examine the 
relationships between the response variables (ECM coloni-
zation, AM colonization, and DSE fungi colonization) and 
sites and sampling dates. Before analysis, ECM coloniza-
tion and DSE colonization data expressed as percentages 
were transformed to rank and analyzed statistically by 
ANOVA, the equivalent to the nonparametric analyses 
(Zar 1999). AM colonization was arcsine square root trans-
formed. All differences among means were evaluated by 
the Tukey test.

Kruskall–Wallis ANOVA test for ranks and χ2 median 
tests were used to test for the ectomycorrhizal diversity and 
for the differences in the percentage of each morphotype 
as infl uenced by sites and sampling dates, as most data did 
not follow the assumptions of ANOVA even after various 
transformations.

Results

Both soils present a neutral soil pH but differed in texture 
and in nutrient content (Table 1). Soils from La Calera site 
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(Colón Department) had higher contents of organic matter 
and total N, a higher electrical conductivity and higher levels 
in P than soils from the Hayke site (Punilla Department).

Ectomycorrhizae

Seven ECM morphotypes were found to be associated 
with Salix humboldtiana. All of them appeared mostly 
turgid and active, with thin mantle layers and without rhi-
zomorphs. In a few cases, root tips appeared senescent 
and mycorrhizae were dark colored, probably indicating 
their inactive stage. A brief description of their most promi-
nent morphological and anatomical features is given in 
Table 2.

Molecular identifi cation

Morphotypes I and II matched ECM taxa when blasted to 
the respective resulting consensus sequence in the NCBI 
database (Table 3). The fungal symbionts in both matches 
are basidiomycetes, belonging to the genus Tomentella 
in the Thelephoraceae and Inocybe sp. within the Cortina-
riaceae. Amplifi cation of DNA from the rest of the 
morphotypes failed. In those cases, PCR protocols were 
modifi ed to optimize amplifi cation (increase of the amount 
of purifi ed DNA from 0.5 up to 3 μl and lowering annealing 
temperature to 50°C). Despite variations on the technique, 
no suitable amplifi cation was obtained.

Ectomycorrhizal colonization and sporocarps

The ECM colonization of S. humboldtiana differed between 
the two sites (P < 0.001) and sampling dates (P < 0.001) 
(Table 4). There was no interaction site × sampling date 
effect (P = 0.66). ECM colonization was 71.13% [standard 
error (SE) = 24.7] at the Hayke site and 86.31% (SE = 17.2) 
at the La Calera site, varying from 33% to 99% at both sites. 
The ECM colonization signifi cantly differed among sam-
pling dates (from April to June), being higher in June and 
May than April (Table 4).

The morphotypes I–Inocybe sp., II–Tomentella sp., III, 
IV, and VI presented a different degree of colonization 
between sampling dates (Table 5). The morphotype I–
Inocybe sp., morphotype II–Tomentella sp., and morphot-
ype IV were three of the ECM morphotypes regularly 
occurring in almost all plots. One of the seven morphotypes 
found on S. humboldtiana roots showed signifi cant differ-
ences in the percentage of occurrence as related to site. The 
ECM morphotype I–Inocybe sp. was more common in La 
Calera site (Table 5).

Diversity (Simpson’s diversity index) was not signifi -
cantly different at sampling dates (from April to June) 
(P = 0.176) and the two sites (for April, P = 0.4974; for May, 
P = 0.07; for June P = 0.378).

No ECM sporocarps were found during the sampling 
period, although saprophytic species were observed under 
S. humboldtiana only in Hayke site: Mycena sp., Clavulina 

sp., Agrocybe cylindrica, Hygrocybe lepida, and the poli-
pores Funallia troggi, Gloeophyllum striatum, and Phellinus 
sp.

Arbuscular mycorrhizae colonization

Salix humboldtiana root samples from both sites were colo-
nized by AM, some roots previously selected as nonecto-
mycorrhizal, showed an incomplete thin mantle when they 
were observed under the microscope. AM fungal coloniza-
tion was characterized by external branched nonseptate 
hyphae of 4–9 μm diameter and intracellular branched 
hyphae of 2–6 μm diameter, some hyphae forming coils 
(Fig. 1H). Intracellular elliptical vesicles, 25–55 μm in diam-
eter with smooth walls and a subtending hyphae of 2–8 μm 
diameter, were observed. AM colonization of S. humbold-
tiana differed between sampling dates (P < 0.001) (Table 4), 
showing a signifi cant interaction effect between sites and 
sampling dates (P < 0.01). AM colonization at the Hayke 
site was 4.05% (SE = 4.49), and 3.12% (SE = 2.98) at the 
La Calera site; the colonization ranged from 0% to 17% for 
both sites. AM colonization signifi cantly differed among 
sampling dates, being higher in April at Hayke and in May 
at La Calera site (see Table 4).

Dark-septate endophyte colonization

DSE fungi were observed in almost all roots colonized by 
AM fungi. DSE colonization was externally characterized 
by light brown to black, loosely arranged hyphae, forming 
an incomplete mantle-like structure composed of intercel-
lular parallel light brown hyphae, 2–3 μm in diameter, and 
globose to epidermoid light brown cells, 4–16 μm long and 
4–9 μm in diameter. The roots also contained intracellular 
hyphae 2–3 μm in diameter along the periphery within the 
epidermal cells. The melanized hyphae formed a mass of 
densely packed, dark hyphae fi lling epidermal and exoder-
mis cells. These structures were typical of what has been 
described as mature microsclerotia (Fig. 1I). DSE coloniza-
tion differed between sampling dates (P < 0.001) (Table 4), 
and there was interaction site × sampling date effect (P < 
0.001). DSE colonization at the Hayke site was 9.08% (SE 
= 5.98), and 7.21 % (SE = 5.00) at the La Calera site, ranging 
between 2% and 20%. DSE colonization signifi cantly dif-
fered among sampling dates, being higher in May for both 
sites (Table 4).

Discussion

This is the fi rst study describing the mycorrhizal status in 
Salix humboldtiana populations of central Argentina. The 
roots of S. humboldtiana were found to be colonized by 
ECM, AM, and DSE. As stated by Walker and McNabb 
(1984) and Dhillion (1994), the presence of different mycor-
rhizal types is the norm within roots of Salix and Populus 
species.
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Table 3. BLAST results of internal transcribed spacer (ITS) sequences obtained from two of the seven Salix humboldtiana ECM morpho-
types described

GenBank accession no. 
and ECM voucher

Number of 
base pairs

Most similar sequence Percent sequence 
similarity/bp overlap

E value

AY945291a

AB 14-CORD
190 Inocybe sp. AJ889953.1 91% / 102 3.0 E–26

AY945290b

AB 15-CORD
677 1: Tomentella sp. DQ068971

2: Thelephoraceae, uncultured ECM, AY748885
96% / 615
95% / 633

0.0
0.0

a Partially amplifi ed sequence; 10 best matches in the Cortinariaceae
b Ten best matches in the Thelephoraceae

Table 4. Differences in the percentage of each type of fungal colonization of Salix humbold-
tiana between sites (Hayke and La Calera) and sampling dates

Sites Sampling dates

April May June

% ECM Hayke 44.12 ± 8.92 a 79.47 ± 18.69 bc 89.79 ± 9.96 bc
La Calera 66.49 ± 2.54 ab 96.24 ± 2.54 c 96.19 ± 4.83 c

% AM Hayke 8.35 ± 5.09 b 3.12 ± 2.51 ab 0.57 ± 0.45 a
La Calera 3.37 ± 1.17 ab 6.56 ± 5.12 b 2.51 ± 3.93 a

% DSE Hayke 8.25 ± 6.81 abc 14.87 ± 1.99 c 1.43 ± 0.33 ab
La Calera 2.39 ± 1.04 a 12.04 ± 2.06 c 9.38 ± 5.06 bc

% ECM, percent ectomycorrhizae; % AM, percent arbuscular mycorrhizae; % DSE, percent 
dark-septate endophytes
Values within fi les of each variable followed by different letter differ at P < 0.05 according to 
Tukey test
Values are mean of fi ve trees ± standard error

Table 5. Differences in the percentage of each ectomycorrhizal morphotype in both sites during autumn

Morphotype Hayke La Calera

April May June April May June

Morphotype I: Inocybe sp. 19.18 ± 7.13 0.51 ± 1.14 0.44 ± 0.76* 36.05 ± 17.34 38.65 ± 30.96 52.89 ± 37.34
Morphotype II: Tomentella sp. 25.49 ± 16.92 67.15 ± 28.71 31.15 ± 6.19 19.90 ± 10.88 49.98 ± 29.57 20.20 ± 11.04*
Morphotype III 2.66 ± 2.68 17.96 ± 40.16 0.00 ± 0.00 7.05 ± 9.27 0.00 ± 0.00 0.00 ± 0.00*
Morphotype IV 5.95 ± 7.91 0.00 ± 0.00 57.50 ± 4.36** 4.05 ± 4.81 0.00 ± 0.00 15.54 ± 19.17
Morphotype V 0.00 ± 0.00 3.09 ± 4.39 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Morphotype VI 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 12.00 ± 17.89 0.00 ± 0.00*
Morphotype VII 0.00 ± 0.00 0.00 ± 0.00 2.10 ± 3.63 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

Values are means of 5 trees ± standard error (SE) for each season
* P < 0.05; ** P < 0.0001

The very few studies that have focused on the below-
ground ectomycorrhizal community of Salix reported low 
diversity of ectomycorrhizal types. Graf and Brunner (1996) 
defi ned 5 ECM types on S. herbacea L.; van der Heijden 
and Vosatka (1999) distinguished 15 ECM types on S. 
repens L.; Hashimoto and Higuchi (2003) distinguished 4 
ECM types on S. sachalinensis; and Püttsepp et al. (2004) 
distinguished 9 ECM types on S. dasyclados and S. vimina-
lis. Up to now, we have found 7 morphotypes associated 
with S. humboldtiana. These numbers are generally lower 
than those reported for coniferous trees such as Pinus sp. 
and Picea sp., which are associated with a higher number of 
ECM symbionts (Dahlberg et al. 1997; Jonsson et al. 1999; 
Taylor and Bruns 1999). The low richness registered could 
be related to a limited availability of ECM symbionts in the 
area, because in central Argentina S. humboldtiana popula-
tions are isolated and distant from other known native 

ectomycorrhizal host plants. Another possibility might be 
related to the low number of populations sampled, so 
further studies including an extended sampling of S. hum-
boldtiana habitats are desirable to address the species rich-
ness question. On the other hand, an artifact of morphological 
similarity among the morphotypes produced in Salix sp. 
(Püttsepp et al. 2004), or multiple ECM morphotype colo-
nization in single root tips of S. repens (van der Heijden and 
Vosatka 1999), could explain the low diversity of ECM 
observed in S. humboldtiana.

Two possible ECM symbionts associated with S. 
humboldtiana, Tomentella sp. in the Thelephoraceae and 
Inocybe sp. within Cortinariaceae, were identifi ed from the 
seven ECM morphotypes. DNA amplifi cation from ECM 
roots presented diffi culties. Amplifi cation failures of the 
remaining morphotypes were probably caused by old and 
inactive mycorrhizae, or mycorrhizae morphotypes with 



Fig. 1. Patterns of ectomycorrhizae (ECM), arbuscular mycorrhizae 
(AM), and dark-septate endophytic (DSE) root colonization of Salix 
humboldtiana from central Argentina. Simple (unramifi ed) ectomycor-
rhizal root tip of Inocybe sp. (A), Tomentella sp. (B), morphotype III 
(C), morphotype V (E), and morphotype VI (F). Simple (unramifi ed) 

ectomycorrhizal to monopodial pinnate of morphotype IV (D) and 
morphotype VII (G). Coils (c) of arbuscular mycorrhizal colonization 
(H). Dark-septate endophyte forming a microsclerotia (m)-like struc-
ture (I). Bars A–G 0.5 mm; H 10 μm; I 15.6 μm
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poorly or discontinuously developed mantle layers, features 
that seem common in some species of Salix (Jones et al. 
1990; Graf and Brunner 1996; Püttsepp et al. 2004; Trow-
bridge and Jumpponen 2004). Also, DNA amplifi cation 
from Salix can be diffi cult, attributable to the coextracting 
inhibitors (possibly salicylic acid) (Herrera Medina et al. 
2003). Lack of ECM fungal sporocarps in the fi eld limited 
further mycorrhizal fungus identifi cation using polymerase 
chain reaction-fragment length polymorphism (PCR-RFLP) 
techniques. Considering that gene databases are noticeably 
defi cient in locally collected fungi for comparison, these 
preliminary data are a fi rst contribution to increase our 
knowledge of the mycorrhizal fungal fl ora of the S. hum-
boldtiana in the Argentinian Neotropics.

The percentage of ECM colonization of S. humboldtiana 
recorded in this study concurs with levels of colonization 
obtained for other Salix and Populus spp. (Visser et al. 
1998; van der Heijden and Vosatka 1999; van der Heijden 
et al. 1999; Baum and Makeschin 2000; Khasa et al. 2002; 
Püttsepp et al. 2004; Trowbridge and Jumpponen 2004). 
However, Baum et al. (2002) and Hashimoto and Higuchi 
(2003) observed remarkably lower ECM coloni zation, less 
than 50%, in S. viminalis and S. sachalinensis, respectively. 
Total ECM colonization in S. humboldtiana differed 
between sites and sampling dates. This variation could be 
mediated by differences in temperature, soil moisture, and 
soil nutrient status, and physiological and phenological 
changes in the host plant, ultimately affecting the develop-
ment of symbiosis (Harvey et al. 1978; Jones et al. 1990; 
Swaty et al. 1998; van der Heijden et al. 1999; Baum and 
Makeschin 2000; Baum et al. 2002; Püttsepp et al. 2004). 
Indeed, important changes in humidity and temperature 
usually occurred during the fall months (April to June), as 
was previously reported by Luti et al. (1979).

In relationship to the ECM morphotypes, morphotype 
I–Inocybe sp., morphotype II–Tomentella sp., and morpho-
type IV were found to be most abundant. Coincidentally, 
sporocarps and ECM morphotypes belonging to the Cor-
tinariaceae often occurred in Salix populations (Graf 1994; 
Gardes and Dahlberg 1996; van der Heijden and Vosatka 
1999; Baum et al. 2002; Nara et al. 2003). As Jumpponen 
and Trappe (1998) and Nara et al. (2003) suggested, species 
of Inocybe and Thelephoraceae are well-known colonizers 
of ECM plants in disturbed or primary habitats. The pres-
ence of these taxa would suggest that the ECM community 
is at an early successional stage, which could normally be 
characterized by a relatively small number of fungal taxa. 
In contrast to our study, Püttsepp et al. (2004) found 
Tomentella cfr. lilacinogrisea at low frequencies on the root 
tips of both S. viminalis and S. dasyclados. As these authors 
affi rm, tomentelloid fungi (family Thelephoraceae) are 
widespread in ECM communities but seem to occur at low 
frequencies. In our study, Tomentella had one of the most 
abundant morphotypes, so further studies are needed to 
understand the behavior of Tomentella in Salix ECM com-
munities. Another indigenous tree forming abundant ECM 
with Tomentella spp. is Alnus acuminata Kunth (Betula-
ceae) (Becerra et al. 2005b; Becerra et al., unpublished 
data).

The occurrence of morphotypes I–Inocybe sp., II–
Tomentella sp., III, IV, and VI varied between sampling 
dates (see Table 5), suggesting seasonal changes in their 
relative abundance. The higher percentage of morphotype 
I–Inocybe sp. in the La Calera site than the Hayke site 
(Table 5) is probably the result of the soil conditions that 
benefi t its dominance. Soil conditions directly affect mycor-
rhizal formation (Baar 1995). In our study, soil characteris-
tics such as texture, organic matter, total N, available P, and 
some cation levels showed important differences between 
the sites (see Table 1) and possibly infl uenced the domi-
nance of one particular symbiont. Diversity (Simpson’s 
diversity index) of ECM morphotypes in the sampling dates 
and two sites did not differ signifi cantly.

The low sporocarp numbers recorded, with no ECM 
species collected during the sampling season, limit conclu-
sions on the ectomycorrhizal fungal community associated 
with S. humboldtiana. Baum et al. (2002) observed only one 
ectomycorrhizal fungus (Inocybe glabripes) under S. vimi-
nalis. In contrast, high ECM diversity (78 species) was 
recorded as fruit bodies in natural dune stands of S. repens 
(van der Heijden et al. 1999). In recent studies, Nara et al. 
(2003) reported 23 ECM fungi producing fruit bodies in 
association with S. renii. For instance, long-term monitoring 
would also be desirable to assess fungal species (Vogt et al. 
1992), to minimize the chances that environmental condi-
tions at a given time are not suitable to initiate fruiting 
(Jumpponen et al. 2002).

The occurrence of ECM and AM colonization in S. hum-
boldtiana concurred with the observations of Lodge (1989), 
Khan (1993), Hashimoto and Higuchi (2003), and van der 
Heijden and Kuyper (2003). Salix humboldtiana showed 
low AM colonization that differed between sampling dates 
(Table 4). Our colonization rates resemble those observed 
by Trowbridge and Jumpponen (2004) on S. commutata and 
S. planifolia and van der Heijden and Vosatka (1999) on S. 
repens. Although we observed low levels of infection, AM 
fungi might still provide benefi ts to S. humboldtiana, as van 
der Heijden and Vosatka (1999) suggested.

This is the fi rst report of DSE occurrence in S. humbold-
tiana, although these root symbionts have been previously 
identifi ed in other species of Salix (Dhillion 1994; Fernando 
and Currah 1996; Trowbridge and Jumpponen 2004; Cázares 
et al. 2005). DSE colonization on S. humboldtiana presented 
similar features to previously described Phialocephala for-
tinii (Yu et al. 2001). Similar to the fi ndings of O’Dell et al. 
(1993), DSE fungi failed to form a complete mantle or 
Hartig net when colonizing S. humboldtiana roots. In this 
work, DSE colonization showed differences in relation to 
sampling dates (see Table 4). As Jumpponen and Trappe 
(1998) and Fuchs and Haselwandter (2004) suggested, it 
might be possible that plant fi tness benefi ts from coloniza-
tion of DSE in a similar way as is known for AM. However, 
further information on the functional relationship of S. 
humboldtiana and DSE is needed to explain their conspicu-
ous colonization.

Based on our results, the S. humboldtiana root system is 
likely to provide adequate noncolonized root space to allow 
simultaneous colonization by various types of fungi. Further 
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studies with extended time samplings and sites are neces-
sary to elucidate other aspects of the mycorrhizal fungi 
associated with S. humboldtiana and their ecological role in 
the central Argentina ecosystems.
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