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Abstract The factors which may influence temporal and
spatial variation in plant arbuscular mycorrhizal (AM)
colonization and propagule occurrence were evaluated in
a Portuguese salt marsh poor in plant diversity. Two dis-
tinct sites were studied: a more-flooded (low marsh) and
a less-flooded zone (high marsh). AM root colonization,
AM funga spore number and inoculum potential, soil
edaphic parameters and tidal flooding time periods were
analysed. Levels of AM colonization were considerable
in Aster tripolium and Inula crithmoides but very low in
Puccinellia maritima and non-existent in Spartina marit-
ima, Halimione portulacoides, Arthrocnemum frutico-
sum and Arthrocnemum perenne. Fungal diversity was
very low, with Glomus geosporum dominant at both
marsh zones. Colonization showed no spatial variation
within marsh zones but temporal variation was observed
in the high marsh, dependent on plant phenological phas-
es. In the low marsh, no significantly seasonal variation
was observed. Apparently, plant phenological events
were diluted by stressful conditions (e.g. flooding, salini-
ty). Spore density was significantly different between
marsh zones and showed temporal variation in both
zones. This study showed that distribution of mycorrhi-
zas in salt marsh is more dependent on host plant species
than on environmental stresses.
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Introduction

Salt marshes are ecosystems where tidal flooding with
seawater leads to a partial or total submergence of vege-
tation, high soil salinity and soil anoxia. Soil inundation
creates anaerobic and chemically reduced conditions
around plant roots, leading to oxygen deficiency and
phytotoxin accumulation (Armstrong et al. 1991). As a
result, plant growth and survival, species composition
and zonation patterns are strongly influenced by flooding
and the concentrations of salt and oxygen (Armstrong
et a. 1985; Pennings and Callaway 1992). Generaly,
soil salinity, soil moisture and anaerobiosis decrease
from the lower to the higher zone of a salt marsh, creat-
ing a zonated pattern in the vegetation. Salt marsh plants
exhibit biochemical, morphological and physiological
adaptations to waterlogging and salinity (Armstrong et
al. 1991; Naidoo et al. 1992). Microorganisms in the root
zones, particularly arbuscular mycorrhizal fungi (AMF),
may enhance ecological adaptation of these plants, in-
cluding pioneer plant colonizers, to salt marsh environ-
ments (Sengupta and Chaudhuri 1990; Khan and Belik
1995). Some evidence suggests that mycorrhizas im-
prove plant tolerance to salinity (Jindal et a. 1993; Ruiz-
Lozano et al. 1996), though other results show that my-
corrhizal infection can be suppressed by high soil salini-
ty (Pfeiffer and Bloss 1988; Juniper and Abbott 1993)
and waterlogging (Harley and Smith 1983). Recently,
Miller (1999) showed that flooding partially inhibits AM
colonization of wetland grasses.

Despite the stressful environment, occurrence of ar-
buscular mycorrhizas has been reported in salt marsh
plants in several countries, including the Netherlands
(Rozema et al. 1986; Van Duin et al. 1990; Hildebrandt
et a. 2001), Germany (Hildebrandt et al. 2001), Great
Britain (Mason 1928; Read et a. 1976), France
(Boullard 1958), United States (Cooke and Lefor 1990;
Cooke et al. 1993; Hoefnagels et a. 1993; Brown and
Bledsoe 1996), India (Sengupta and Chaudhuri 1990)
and Pakistan (Khan 1974). No previous assessment has
been made of Portuguese salt marshes.
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In Mediterranean-type salt marshes, the characteristic
climate (wet winters and hot and dry summers) causes
salinity to fluctuate seasonally and along a gradient
(Callaway et al. 1990). These zonal differencesin abiotic
characteristics cause plant zonation that, associated with
plant phenology, may influence spatial and temporal pat-
terns of arbuscular mycorrhizas.

Few studies have tried to identify the principal factors
responsible for spatial and temporal variation in AM col-
onization of salt marsh plants. Plant phenology events
and abiotic stresses, such as flooding and salinity, have
been suggested (Rozema et al. 1986; Cooke and Lefor
1990; Van Duin et a. 1990; Brown and Bledsoe 1996).
Brown and Bledsoe (1996) suggested that AM coloniza-
tion is influenced by salinity in the higher marsh zone
and by oxygen availability levels due to tidal inundation
in the more flooded zones (low marsh). However, in a
controlled experiment with the salt marsh plant Aster tri-
polium, Rozema et a. (1986) found a decrease in AM
colonization with increased flooding but not with raised
soil salinity.

This present study aimed to assess the AM status of
plant species in a Portuguese salt marsh poor in plant
diversity. The presence of AM infection in plant species
posed, subsequently, two main questions: (1) did the in-
cidence of AM colonization and spore density vary spa-
tially according to different marsh zones with different
tidal flooding regimes; (2) were AM colonization and
spore density related to phenological events of plant spe-
cies or to edaphic conditions? To answer these questions,
plant species present in lower and higher areas of the salt
marsh were evaluated in order to assess response of my-
corrhizas to biotic and abiotic variables. Temporal and
gpatial variation in salinity, soil moisture, soil organic
matter, redox potential and tidal flooding periods was as-
sessed and compared to patterns of mycorrhizal coloni-
zation and spore density.

Materials and methods
Study site

This work was performed in a marsh of the Tagus estuary, Portu-
ga. This is one of the largest estuaries of the European Atlantic
coast, covering an area of 300 km? at low tide and 340 km? at
spring high tide (Cagador et al. 1996). The climate is Mediterra-
nean, characterized by warm and dry summers and cold and wet
winters with 600-700 mm mean annual precipitation. The tides
are semi-diurnal with tidal ranges from less than 1 m (neap) to
more than 4 m (spring). The salinity varies between 5%. upstream
and 36%o near the river outfall (Lisbon) (Cagador 1994). The estu-
ary is exposed to high pollution due to the inflow of urban, indus-
trial and agricultural effluents. The salt marsh vegetation acts as a
sink concentrating high levels of heavy metals in the rhizosphere
sediments (Cagador 1994). About 20 km? of the estuary are occu-
pied by salt marshes, with Pancas being one of the largest, located
on the left bank (38°49'N 08°57°W). This salt marsh links with
agricultural lands in the higher marsh zone and to extensive inter-
tidal mudflat areas in the lower marsh zone. The soils are clay
(97% particle size <63 um) and characteristics in the lower and
higher marsh zone, respectively, are: pH 6.0 and 6.3; 2 and 3 g
kg1 total N; 900 and 792 mg kg total P; 7,476 and 2,498 mg

kg total Ca; 1,813 and 1,902 mg kg tota K; 2,369 and
2,658 mg kg total Mg. The halophytic vegetation of this marsh
presents very low plant diversity compared with other northern
European salt marshes. It also shows distinct and almost homoge-
neous plant species stand zones. The dominant species are Spar-
tina maritima (Curtis) Fernald, Arthrocnemum perenne (Miller)
Moss, Arthrocnemum fruticosum (L.) Mog., Halimione portulaco-
ides (L.) A€llen and Aster tripolium L. The lower marsh zone
(pioneer zone) of this salt marsh is regularly flooded with salt
water and the higher marsh zone (more elevated site) is flooded by
achannel system but only during high tides and high precipitation.

Two sampling areas of 300 m? were established, one in the
lower marsh and another in the higher marsh zone. The plant spe-
cies present were Spartina maritima, Puccinellia maritima (Huds.)
Parl., Halimione portulacoides, Arthrocnemum fruticosum and
Aster tripolium in the lower marsh sampling area and Halimione
portulacoides, Arthrocnemum fruticosum, Arthrocnemum perenne,
Aster tripolium and Inula crithmoides L. in the higher marsh sam-
pling area.

Hours of tidal flooding

The tidal level above mean sea level required to flood each of the
sampling areas was determined during some tides by means of
stakes and on tide data published by the Hydrographical Institute.
The mean time per day that vegetation was flooded at each sam-
pling area was estimated using a model developed by Serédio and
Catarino (2000).

Plant root sampling

At each sampling area, plant roots were sampled at 2-month inter-
vals between July 1996 and July 1997. For each survey, root sys-
tems and associated soil from three randomly selected plants of
each species present in the sampling areas were carefully collected
at low tide to a depth of approximately 20 cm. The samples were
transported to the laboratory in plastic bags and stored at 4°C until
processed.

Soil sampling

Soil samples from Aster tripolium stands in both sampling areas
were also collected on the root sampling days. At each marsh
zone, four sediment cores (7 cm in diameter, 18 cm long) were
collected. After first removing the uppermost 1 cm sediment layer,
the cores were transported to the laboratory in plastic bags and
stored at 4°C until processed. In order to compare sediment redox
potential between marsh zones, measurements were made in May
and July 1997. After high tide, a platinum electrode was inserted
into the rhizosphere sediment of Aster tripolium at a depth of
10 cm and the redox potential (Eh) was recorded after a stabiliza-
tion period of 2 min. Four measurements were made in each zone
on each sampling date.

AM root colonization

After careful rinsing with tap water, approximately 2 g (fresh
weight) of roots was cleared and stained for analysis of coloniza-
tion by AMF using a modified Phillips and Hayman (1970) proce-
dure. The roots were cleared for 40-60 min (according to the spe-
cies) in a10% KOH solution at 90°C, placed in 10% HCI solution
for 10 min and then stained with glycerol-trypan blue solution
(0.05%) at 90°C for 20 min. The stained root samples were exam-
ined at x45-100 magnification and quantification of root coloniza-
tion by AMF was estimated by the gridline intersection method
(Giovannetti and Mosse 1980). When it was difficult to discrimi-
nate between mycorrhizal structures and other fungi, the root
pieces were examined microscopically at x400 magnification.



Table1 Time of tidal flooding of the vegetation, obtained from
monthly values through the sampling periods, and edaphic charac-
teristics and spore density in soils collected from Aster tripolium
stands on seven sampling dates, except for redox potential which
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is from two sampling dates. The values are means with ranges in
parentheses (AT Aster tripolium, MPN most probable number with
confidence limits of 95%, SM Spartina maritima)

Variable Low marsh High marsh

Tidal flooding of the vegetation (min day-1) 94 (53-124) 9(0-21)
Moisture (%) 77 (74-89) 45 (27-57)

Soil organic matter content (LOI) (%) 11.9 (10.5-13.1) 13.0(9.2-18.1)
Salinity (%o) 18 (3-31) 12 (5-18)

Redox potential (mV) 194 (100-289) 402 (381-423)
Spore density (g1 dry wt.) 6 (2-14) 13 (5-34)

MPN (propagules g1 dry wt.) (AT) 0.75 (0.35-1.60) 1.74 (0.81-3.72)
MPN (propagules g1 dry wt.) (SM) 0.17 (0.08-0.35)

AMF spore population

AMF spores were isolated by wet sieving followed by sucrose gra-
dient centrifugation (Daniels and Skipper 1982). From each core
sample of the Aster tripolium rhizosphere, 50 g of sediment was
sieved. The fraction collected in the last sieve (53 um) was centri-
fuged in a 60% (w/v) sucrose solution for 2 min at 3,000 rpm.
Spores were collected from the water-sucrose interface and poured
through a sieve, rinsed with distilled water and transferred to a
Petri dish. Spores were examined under a dissecting microscope
and each morphotype quantified. Spore density was expressed
as spore number per g dry weight of soil. Some spores of each
morphotype were then prepared permanently for identification.
Taxonomic identifications were made according to Banque Eur-
opéenne des Glomales www.bio.ukc.ac.uk/beg.htm and Schenck
and Pérez (1990).

Spore viahility tests were performed to examine differences be-
tween marsh zones in samples isolated in July 1997. From each
sample, 40 isolated spores were randomly collected, placed in iodo-
nitrotetrazolium (INT) solution (1 mg mi-2) and |eft at room temper-
ature for 48 h (Walley and Germida 1995). Spores were checked for
viahility and the results expressed as viable percentage.

Soil analysis

Aliquots (10 g) of each soil core sample were heated at 80°C for
48 h then weighed. Soil moisture content was calculated as per-
cent oven-dry weight of soil. Organic matter content was deter-
mined in 2 g of dried soil without roots of each sample by loss of
ignition (LOI) at 600°C for 2 h (Otte 1991). Soil solution salinity
was calculated in each soil sample. Aliquots (2 g) of dried soil
were ground, sieved and diluted with deionized water (1:5). After
overnight shaking, the soil solution was filtered and its salinity
determined with a hand-held refractometer.

AM inoculum potential

The total number of AMF propagules in the salt marsh sediment
was estimated using a soil-dilution method, the “most probable
number” (MPN) method (Porter 1979). Sediments from the root
zone of Aster tripolium, from higher and lower marsh zones, and
from Spartina maritima from the lower marsh zone, collected in
September 1996, were used. Each sediment sample was diluted
with sterilized sand in a seria dilution of 4° to 4-6. The control
contained only sterilized sand. The mixture was placed in 120-ml
containers and seedlings of sorghum were used as bait plants for
AMF. Five replicates were used for each dilution level. The plants
were grown in a greenhouse with a photoperiod of 14 h, 26/20°C
(day/night air temperature) and a photosynthetic photon flux den-
sity of 200 umol m2 s and watered as necessary. After 8 weeks,
plant roots were collected and analysed for AM colonization as
described above. The number of propagules was calculated ac-
cording to Sieverding (1991).

Statistical analysis

Prior to statistical analysis, mycorrhizal colonization data were
arcsin square root-transformed and data for spore number, LOI,
soil salinity and number of tidal flooding hours of the vegetation
over the last 14 days (number of days corresponding to atidal cy-
cle) were log-transformed (Zar 1984). Data on mycorrhizal coloni-
zation and spore densities were analysed by one-way analysis of
variance (ANOVA) to test for differences between the two marsh
zones and between sampling dates within each marsh zone. Signif-
icant results (P<0.05) were analysed by Duncan’s test. MPN data
were expressed with 95% confidence limits. Pearson product-
moment correlation analysis was used to relate AM colonization
and spore density with soil moisture, LOI, soil salinity and num-
ber of tidal flooding hours of the vegetation in each sampling date
of Aster tripolium roots or soil rhizosphere in each marsh zone
separately. Statistica software (StatSoft, Tulsa, USA) was used for
this statistical analysis.

Results
Environmental information and soil analyses

In Pancas, lower marsh vegetation was much more flood-
ed due to tides than higher marsh vegetation, as expected
(Table 1). During June and December 1996 and May
1997, the higher marsh vegetation was not tidally flood-
ed. The lower marsh exhibited higher mean soil moisture
and salinity, and lower organic matter content (LOI) than
the higher marsh zone (Table 1). Soil moistureis morein-
fluenced by tide than by seasonal precipitation. Most pre-
cipitation in the study period occurred in the winter
months of December and January (data not shown).
While the lower marsh zone showed a marked seasonal
variation of salinity, the higher marsh zone did not. The
lower marsh zone exhibited an average redox potential
much lower than the higher marsh zone (Table 1).

AM root colonization

AMF were only present in root samples of three salt
marsh plant species, Aster tripolium, Inula crithmoides
and Puccinellia maritima, in both marsh zones (Table 2).
The level of AM colonization in Inula crithmoides was
similar to that in Aster tripolium, while Puccinellia
maritima displayed little or no colonization (1% on aver-
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Table 2 Range of root length

colonization by AMF (%), with Zone Plant species Plant family Root length Mycorrhizal

sampling every 2 months from colonized (%)  structures

glfgtlspﬁitgsﬁggﬁz Itr;]g I Lower Aster tripolium Asteraceae 1-56 VA

lower and higher marsh zones. Puccinellia maritima Poaceae 0-6 \%

n=21, except for Inula crithmo- Spartina maritima. Poaceae 0 Absent

ides where n=18 (A arbuscules, Halimione portulacoides Chenopodiaceae 0 Absent

V vesicles) Arthrocnemum fruticosum Chenopodiaceae 0 Absent

Higher Aster tripolium Asteraceae 3-63 VA

Inula crithmoides Asteraceae 6-62 VA
Halimione portulacoides Chenopodiaceae 0 Absent
Arthrocnemum fruticosum Chenopodiaceae 0 Absent
Arthrocnemum perenne Chenopodiaceae 0 Absent

;?g l;;asi?)s Scu \Tarn?:rn)ég gfotnh%-way d.f. Colonization Spore density

effect of marsh zone (lower Fvalue Fvalue

and higher) and sampling date

on ro(lj% AI\)I coIonizaFt)i Iongand Marsh zones Aster tripolium 1 0.89 17.64***

soil spore density for Aster Sampling date  Aster tripolium (low marsh) 6 151 4.79%*

tripoliumand of the effect of Aster tripolium (high marsh) 6 3.70% 11.72%%+

sampling date on root AM col- Inula crithmoides (high marsh) 5 6.54+

onization for Inula crithmoides

*P<0.05; **P<0.01; ***P<0.001

Table 4 Pearson product-moment correlation coefficients at each
sampling date between % of AM colonization and spore density in
Aster tripolium samples of each marsh zone and soil moisture, soil
organic matter content (LOI), soil salinity and number of tidal

flooding hours of the vegetation over the last 14 days (number of
days corresponding to a tidal cycle). Coefficients were calculated
from means obtained for each sampling date (n=7)

Moisture LOI Salinity Flooding hours
Low marsh % AM -0.316 0.076 —0.007 0.776*
Spore density -0.119 0.590 -0.341 0.130
High marsh % AM -0.199 —-0.259 0.820* 0.123
Spore density 0.430 0.299 0.183 -0.219
*P<0.05

age). Mycorrhizal colonization was not observed in
roots of Spartina maritima, Halimione portulacoides,
Arthrocnemum fruticosum and Arthrocnemum perenne
from any marsh zone on any sampling date (Table 2). In
Aster tripolium and Inula crithmoides, both arbuscules
and vesicles were always observed. Arbuscules were
never observed in Puccinellia maritima (Table 2). This
plant species was only colonized by AMF on two sam-
pling dates, January and March, but with very low values
of 5% and 2%, respectively (Fig. 1).

Aster tripolium was the only AMF-colonized plant
species present in both marsh zones (Table 2). One-way
analysis of variance was performed on colonization data
to examine temporal and/or spatial patterns (Table 3). No
significant variation in colonization as a function of salt
marsh zone sampled was observed. On the contrary, sig-
nificant variation in colonization was found in the higher
marsh zone for both Aster tripolium and Inula crithmo-
ides (Fig. 1 and Table 3). In this zone, colonization was
higher in summer and autumn than in winter and spring
sampled months (Fig. 1); this was particularly evident

for Aster tripolium. In the lower marsh zone, coloniza-
tion of Aster tripolium did not differ significantly be-
tween sampling dates (Fig. 1 and Table 3).

AMF spore population

The AMF spores found in the soil samples belonged
exclusively to Glomus species and all of the species
were present at both salt marsh zones. Spores of G. ge-
osporum (Nicol. and Gerd.) Walker were the most com-
mon, accounting for more than 84% of the total AMF
spore population. G. mosseae (Nicol. and Gerd.) Gerd.
and Trappe was also present, along with two other un-
identified Glomus species. Spore density varied both
spatially and temporally (Tables 1 and 3). The patterns
of temporal variation in spore density in the two salt
marsh zones were similar (Fig. 2). Spores from both
marsh zones were highly viable: 67% (+3 SE) in the
higher marsh zone and 71% (+3 SE) in the lower marsh
zone.
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Fig. 1 Temporal and spatial variation of root length colonization
by arbuscular mycorrhizal (AM) fungi on a Aster tripolium plants
of the lower and higher marshes zones, b Inula crithmoides plants
of the higher marsh zone and ¢ Puccinellia maritima plants of the
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Fig. 2 Temporal and spatial variation on spore density (per g dry
soil) in rhizosphere soil of Aster tripolium from the lower and
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month and marsh zone +SE. Within each marsh zone, values fol-
lowed by the same letter are not significantly different at P<0.05
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AM inoculum potential

The results of mycorrhizal infectivity determined by a
soil-dilution method showed differences between soils
tested. The soil collected from Aster tripolium stands
was significantly more infective than the soil from Spar-
tina maritima (Table 1) and that collected from the high-
er marsh zone had more infective propagules than that
from the lower marsh zone (Table 1). The Spartina
maritima soil had some infective propagules, athough
roots were never colonized (Table 2).

Effect of edaphic conditions

AM colonization and spore density were not related to
soil moisture, LOI and salinity, except in the higher
marsh zone, where AM colonization was positively corre-
lated with soil salinity (Table 4). AM colonization in the
low marsh was significantly positively correlated with the
number of tidal flooding hours of the vegetation over the
previous 14 days before sampling took place (Table 4).

Discussion

This study showed that arbuscular mycorrhizas were
present in the Pancas salt marsh of the Tagus estuary and
that colonization and propagules occurred in higher and
lower marsh zones. However, not al plant species were
colonized and only the species belonging to the Astera-
ceae family, Aster tripolium and Inula crithmoides, dis-
played high levels of colonization. The presence of a
considerable level of colonization in Aster tripolium
roots has also been reported in salt marshes by Rozema
et al. (1986), Van Duin et a. (1989) and Hildebrandt
et a. (2001). AM colonization of Puccinellia maritima
occurred at very low levels and only in winter months, a
period of slow plant growth. These data, together with
the absence of arbuscules, suggest that this plant species
is not functionally mycorrhizal.

All the plant species present in Pancas that were not
colonized belong to the Chenopodiaceae family, with the
exception of Spartina maritima, a member of Poaceae.
Chenopodiaceae is usualy referred to as non-mycorrhi-
zal (Harley and Smith 1983). However, AM has also
been found in some plants of this family, not only in
other salt marshes but also in other types of ecosystems
(e.g. Rozemaet al. 1986; Van Duin et al. 1989; Sengupta
and Chaudhuri 1990; Johnson-Green et al. 1995; Barrow
et al. 1997; Hildebrandt et al. 2001). S. maritima may
be referred to as a non-mycorrhizal species together
with S, alterniflora and S. anglica (Rozema et al. 1986;
Hildebrandt et al. 2001). In contrast, mycorrhizas have
been observed in the Spartina species S. patens (Cooke
and Lefor 1990; Hoefnagels et al. 1993) and S. cynosuro-
ides (Hoefnagels et al. 1993).

AMF species diversity was very low, accompanying
the low plant diversity of this salt marsh ecosystem
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(Cagador 1994). Only Glomus species were found.
G. mosseae, observed in Pancas salt marsh, has also been
reported in other marshes (Sengupta and Chaudhuri
1990; Brown and Bledsoe 1996). Interestingly, the most
abundant Glomus species was G. geosporum, as was pre-
viously found in Baltic salt marshes (Hildebrandt et al.
2001).

The evaluation of plant species present in two differ-
ent sites in the marsh showed that the occurrence of AM
colonization did not depend on position within the salt
marsh nor, consequently, on the tidal flooding regimes
which create different levels of anoxia around the roots,
nor on salt gradients. This suggests that AM fungal dis-
tribution does not coincide with the zonation pattern of
vegetation. The absence of any significant negative cor-
relation between AM and salinity, moisture and tidal in-
undation of the vegetation seems to suggest that AMF
can tolerate the flooding and salinity levels in the Pancas
salt marsh.

The evaluation of biotic and abiotic factors responsi-
ble for AM seasonal patterns has shown that plant phe-
nology is related to AM colonization in Aster tripolium
and Inula crithmoides and spore density, more clearly in
the higher marsh zone. The highest levels of colonization
corresponded to the period of the highest plant growth
and the flowering period in both species, summer and
autumn, respectively, in agreement with the results of
Van Duin et al. (1989). Similar seasonal patternsin spore
density have been observed in aguatic plants (Khan
1974) but not for the halophyte Jaumea carnosa (Brown
and Bledsoe 1996). These differences may be related
either to the different behaviour of each AM funga
species, even in similar ecosystems (Klironomos et al.
1993), or to the influence of different environmental
conditions.

AM colonization and spore distribution may also be
influenced by tides, since S. maritima, a non-mycorrhizal
plant which occupies a frontal isolated zone in the
marsh, showed a reasonable number of propagules and a
significantly positive correlation between AM coloniza-
tion and tidal flooding hours.

In the lower marsh zone, the lack of seasonality and
the small variation in the AM colonization in Aster tripo-
lium suggest that either other factors influence fungal de-
velopment more than plant phenology or other factors
dilute its influence. Brown and Bledsoe (1996) aso did
not find significant seasonal variation in colonization in
the most waterlogged zone of a salt marsh.

The presence of AM colonization in few plant species
and in species that have a limited cover in all salt marsh
vegetation suggests that mycorrhizas are of limited rele-
vance for plant communities of the Tagus estuary salt
marshes. However, since Aster tripolium is a species
which occurs in less consolidated sediments and in more
flooded areas, the presence of AM in this plant suggests
that mycorrhizas have an important role during plant
establishment and community development, at least, of
this salt marsh species. Compared with observations in
other salt marsh ecosystems (e.g. Rozema et al. 1986;

Van Duin et a. 1990; Hildebrandt et al. 2001), it may be
asked why so few plant species are mycorrhizal in this
Portuguese salt marsh. Hypotheses that can be formulat-
ed for further study include the existence of high levels
of phosphorous and the presence of few potential mycor-
rhizal plant families. In these harsh environments, the in-
teraction between host plant species and abiotic factors
is so complex that it is difficult to explain AM coloniza-
tion patterns in terms of general factors common to all
salt marshes.

The results of this study emphasize that host plant
rather than environmental stress factors are responsible
for AMF distribution. Like the plant species, AMF may
have developed adaptive strategies to tolerate this stress-
ful environment. The results of this study raise questions
important to our understanding of the role of mycorrhi-
zasin the ecology of salt marshes.
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