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Abstract This paper explores if Mimosa species (Faba-
ceae-Mimosoideae) can serve as arbuscular mycorrhizal
(AM) and nutrient “resource islands” in six plant
communities in the semiarid valley of Tehuac�n-Cui-
catl�n, Mexico. Spatial heterogeneity related to the
occurrence of Mimosa species results in temporal differ-
ences in AM-fungal spore numbers and soil nutrients. A
higher number of AM-fungal spores were found in the
soil below the canopies of six endemic Mimosa species
than in the soil from non-vegetated areas. For four
species, Mimosa adenantheroides, Mimosa calcicola,
Mimosa luisana and Mimosa polyantha, the soil below
their canopies had more AM-fungal spores than the soil in
non-vegetated areas during the wet season than during the
dry season. Two species, Mimosa lacerata and Mimosa
texana var. filipes, however, had more spores under their
canopies during the dry season than during the wet
season. Although physical differences are present within
and between sites, in general the soil below the canopies
of Mimosa species had significantly higher nutrient levels
than the soil from non-vegetated areas. Mimosa species
thus form “resource islands” that are not only rich in
nutrients but also in mycorrhizal propagules. Mimosa
species can serve as mycorrhizal “resource islands” by
directly affecting AM-fungal spore dynamics and/or by
serving as spore-traps. A range of plants associated with
Mimosa species may benefit from the higher number of
AM propagules. We believe that the use of Mimosa
resource islands as an option for biodiversity conservation
and for land restoration ought to be considered in the
Valley.

Keywords Arbuscular-mycorrhizal fungi · Conservation ·
Resource island · Seasonality · Semiarid

Introduction

In arid and semiarid ecosystems, particular shrubs and
trees such as Acacia gregii Gray, Cassia armata S. Wats
[= Senna armata (S. Wats) Irwin & Barneby] (Garc�a-
Moya and McKell 1970), Prosopis juliflora (Swartz. DC)
(Tiedemann and Klemmedson 1973), Larrea tridentata
(Sess� & Moci�o ex D.C.) Coville and Prosopis glandu-
losa Torr. (Reynolds et al. 1999) can serve as reservoirs
for soil fertility. These shrubs and trees contribute to
desert fertility by protecting understory vegetation and the
soil against wind erosion, and by serving as nutrient
reservoirs through the storage of nitrogen in roots, stems,
and leaves. The potential contribution of nitrogen from a
shrub when it dies, the accumulated litter and organic
matter under the shrub, and the nitrogen in the surface
layer of soil under the shrub canopy all create “islands of
fertility” within plant communities (Garc�a-Moya and
McKell 1970). Fertility islands are not only areas of
nitrogen accumulation, but also the sites of highest
nutrient and moisture concentration, greatest shade, and
lowest daytime temperature (Garner and Steinberger
1989; Reynolds et al. 1999). In addition, such islands
form the major source of food for most herbivores, and
hence the animals that prey on them (Garner and
Steinberger 1989). Furthermore, their occurrence is
highly correlated with the spatial variation in soil
microbial populations and soil microfauna that promotes
nutrient cycling in shrub deserts (Coleman et al. 1983;
Dhillion and Zak 1993). Thus, such sites have recently
been given the name “resource islands” (Reynolds et al.
1999).

Arbuscular mycorrhizae (AM), as part of the soil
microbe community, can play an important role in the
maintenance of desert vegetation, since water stress and
nutrient deficiencies are the most common constraints of
plant growth in arid and semiarid ecosystems, (Allen et al.
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1981; Bethlenfalvay et al. 1984; Allen and Allen 1986;
Allen 1991; Dhillion and Zak 1993; Tarafdar and
Praveen-Kumar 1996). The positive effects of AM are
associated with changes in plant-water relationships and
low availability of inorganic nutrients, especially phos-
phorus and nitrogen. Mycorrhizal plants thus have greater
tolerance to drought stress, and higher rates of photosyn-
thesis, biomass production and inorganic nutrient accu-
mulation than non-mycorrhizal plants of the same species.
In fact, AM have a structuring effect on plant species
composition, thus affecting plant biodiversity, ecosystem
variability and productivity (Zobel et al. 1997; Van der
Heijden et al. 1998).

It is known that AM fungal activity is related to several
soil conditions, such as depth (Virginia et al. 1986),
fertility and moisture (Anderson et al. 1984), and
compaction (Nadian et al. 1998), but within the arid and
semiarid ecosystems, intermittent periods of favorable
temperature and moisture, called “windows of opportu-
nity”, strongly regulate the mechanisms that control
fungal activity and dynamics (Dhillion and Zak 1993;
Zak et al. 1995). Moisture is the main limiting factor in
desert ecosystems: organism adaptation and functioning is
primarily attributed to surviving the long dry periods and
responding rapidly and effectively to moisture inputs
(Jacobson 1997). Not only total moisture is important but
the temporal and spatial patterning of moisture inputs
may determine the extent of fungal activity and, possibly,
fungal species composition (Dhillion et al. 1995; Zak et
al. 1995). In desert ecosystems, temporal and spatial
heterogeneity are thus mainly driven by climate and
topography (Allen 1991).

Although the idea of “resource island” formation has
surfaced in the literature from time to time, relatively few
plant species have been studied in this regard. Nutrient
and microclimatic conditions have been the main focus of
most studies, with few investigations on associated
microbes (see Carrillo-Garc�a et al. 1999). The objective
of this study was to explore if Mimosa species could serve
as mycorrhizal and nutrient “resource islands” in the
semiarid valley of Tehuac�n-Cuicatl�n, Mexico. Mimosa
species were focused on due to their growing dominance
in several threatened plant communities in the Tehuac�n-
Cuicatl�n Valley (Camargo-Ricalde et al. 2002a), their
endemism (Mart�nez-Bernal and Grether 2002), restora-
tion considerations, and their considerable local agrosil-
vopastoral and cultural value (Casas et al. 2001; S.L.
Camargo-Ricalde and S.S. Dhillion, unpublished data). In
addition, the presence of the “nurse-nursling” association
between Mimosa luisana Brandegee and the columnar
cactus Neobuxbaumia tetetzo (F.A.C. Weber) Backeb.
(Valiente-Banuet and Ezcurra 1991; Valiente-Banuet et
al. 1991) has also been demonstrated. Furthermore, it is
the genus with the highest number of species (100–110)
of all the Mexican Mimosoideae members (Sousa and
Delgado 1993), and where 60% are endemic to the
country (Grether et al. 1996).

Materials and methods

Species and the study sites

The Tehuac�n-Cuicatl�n Valley (part of it a Biosphere Reserve
since 1998) is located between 17� 20'-18� 53' N, and 96� 55'-97�
44' W, with a surface of ca. 10,000 km2, within the states of Puebla
and Oaxaca, Mexico. The Valley has a complex topography, where
altitudes range from 500 to 3,200 m.a.s.l. The mean annual
precipitation varies between >400 mm and <600 mm with summer
rain, and the mean annual temperature is 20�C. Soils are rocky,
shallow and well-drained, and texture varies from sandy loam to
clay loam, being classified as aridsols (Zavala-Hurtado and
Hern�ndez-C�rdenas 1998). Six Mimosa species were studied in
the Tehuac�n-Cuicatl�n Valley (Table 1; for details of specific
plant community composition and sites, see Camargo-Ricalde et al.
2002a). The communities studied were representative of the area
and were available for research in the Valley.

AM fungal spores and soil samples

Two quadrats of 10m 	10m (200m2) were sampled for each site
during both the dry (January) and the wet (July) seasons of 1999.
For each quadrat, two Mimosa individuals were randomly chosen
for collection of the soil below their canopies (BC). Two non-
vegetated areas (open areas, OA) were also sampled. Soil samples
were collected at 10–15 cm depth; four samples adjacent to Mimosa
species stem-roots (BC), and four samples in open areas (OA); 48
soil samples (8 per site) were collected in total. Soil samples were
sealed in polythene bags and brought into the laboratory. Three
sub-samples per soil sample were analyzed for AM fungal spores
(decanting aliquots of 100 g dry weight each) using the wet sieving
(44-, 105-
m sieve openings) and decanting method (Gerdemann
and Nicolson 1963). Spores were examined and their number
recorded under a dissecting microscope. Permanent slides and a
photographic record have been deposited at the Laboratory of
Legume Biosystematics, Department of Biology, Autonomous
Metropolitan University-Iztapalapa. Spores are in the process of
being identified (Schenck and Perez 1990); Glomus and Acaulospo-
ra form the dominant genera. Soils were analyzed for pH, electric
conductivity (EC), organic matter (OM), total nitrogen (TN),
phosphorus (P), calcium (Ca), magnesium (Mg) and texture
[Mexican Society of Soil Science, Manual of analytical procedures
for soil and plant analysis of the Soil Fertility Laboratory (in
Spanish). IRENAT-Colegio de Postgraduados, Mexico; V�zquez-
Alarc�n and Bautista-Aroche 1993; for details of soil analyses and
relationships with plant communities, see Camargo-Ricalde et al.
2002a].

The non-parametric Kruskal-Wallis test (P<0.05) was used and
means were compared by the chi-square test, c2, (a=0.05) to
determine whether differences in AM-fungal spore number were
significant between the soil BC of Mimosa species vs that of OA,
during both the dry and the wet seasons. The non-parametric
Student t-test (a=0.05) was used to determine whether differences
in AM-fungal spore number were significant in the soil BC of
Mimosa species and in OA soil in dry/wet seasons.

Results and discussion

Although AM-fungal spore numbers do not necessarily
always correlate with AM-fungal colonization of roots
(Walker et al. 1982), and they do not represent either the
real abundance or the ecological contribution of whole
organisms of species present (St�rmer and Bellei 1994),
they are an indicator of the inoculum potential present in
the soil (Brundrett 1991; Dhillion and Anderson 1993;
Merryweather and Fitter 1998). In this study, AM-fungal
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spores were present in all the soil samples analyzed. In
general, there were significantly more AM-fungal spores
both in the soil BC of Mimosa species than in the non-
vegetated OA, and during the wet vs the dry season
(Table 2).

This study shows that AM-fungal spore number tends
to be higher during the wet season than during the dry
season (Table 2). Differences between the soil BC of
Mimosa species and the soil in OA were larger during the
wet season than during the dry season. During the wet
season, significant differences were found in AM-fungal
spore numbers comparing the soil BC of Mimosa species
with the soil collected in OA for M. lacerata (S1), M.
polyantha (S2), M. adenantheroides (S3), M. calcicola
(S4) and M. luisana (S6), while no significant differences
were registered for M. texana var. filipes (S5). During the
dry season, significant differences between the soil BC of
Mimosa species and the soil in OA in relation to AM-
fungal spore number were found for only two species, M.
lacerata (S1) and M. calcicola (S4). Spores function as
survival units if germination is delayed; thus, differences
in spatial and temporal AM-fungal spore numbers may be
related to different AM fungi, which are likely to have
different strategies for survival under the stress of a
semiarid habitat (McGee 1989). Within arid and semiarid
ecosystems, AM fungi can have an opportunistic growth
pattern in response to low and variable rainfall amounts
(“moisture windows”). The fungi can continue to grow
vegetatively as long as the moist layer persists, spore
production being associated with declining moisture
availability (Jacobson 1997), although it is not clear
whether AM-fungal phenology is controlled by the fungus
or mediated by the plant symbiont (Sanders and Fitter
1992; Jacobson 1997). Within the six study sites, the
amount of rainfall varies enormously between January
(mid-dry season) and July (mid-wet season) (Table 1).
However, this variation in rainfall can only partly explain

the significant differences in the number of AM-fungal
spores between seasons.

Similar variations in spore numbers have been reported
by other studies, e.g., in an ash plantation (Fraxinus
americana L.) and in an old meadow in central Iowa (1–
1,837 spores/kg oven-dry soil) (Walker et al. 1982); in a
semiarid open scrub dominated by Melaleuca uncinata R.
Br. in southern Australia (1–14 spores) (McGee 1989); in
Quercus havardii Rydb. communities in semiarid Texas
(27–43 spores/100 g dry soil) (Dhillion et al. 1994); in an
arid dune field dominated by grasses in the Namibian
desert (1–535 spores/150 cm3 soil) (Jacobson 1997); and
in a sand dune soil on the island of Santa Catarina in
Brazil (168–380 spores/100 g dry soil) (St�rmer and
Bellei 1994). Such large variations in AM-fungal spore
numbers may be due to seasonal patterns in AM-fungal
sporulation, which can vary according to the specific AM
fungus or plant species (Mosse and Bowen 1968; Dhillion
and Anderson 1993; Jacobson 1997). Distribution of
spores within the soil is extremely variable over space and
time (Walker et al. 1982). Variation in spore abundance is
the result of the non-uniform spatial distribution of spores
in the soil, which may also be caused by the threshold of
mycorrhizal biomass needed to induce spore production
(Gazey et al. 1992; St�rmer and Bellei 1994).

Unexpectedly, soil BC of Mimosa lacerata (S1) and
M. texana var. filipes (S5) had a higher number of spores
during the dry than the wet season (Table 2). The soil BC
of Mimosa lacerata had 168% more AM-fungal spores
and the soil BC of M. texana var. filipes had 72% more
AM-fungal spores during the dry season than during the
wet season. Though spatial and temporal heterogeneity
can explain these differences in part, other factors that
may be affecting AM-fungal spore production are
Mimosa species-specific root exudates and the microbial
communities developed at each site (Garbaye 1991;
Whitford 1996). Mimosa lacerata and M. texana var.

Table 2 Mean number of arbuscular mycorrhiza (AM)-fungal
spores (in 100 g soil dry weight) under different conditions in six
study sites within the Tehuac�n-Cuicatl�n Valley, south-central
Mexico: soil below the canopy (BC) of Mimosa species and soil of
non-vegetated areas (open areas, OA), during both the wet (W, July)
season and the dry (D, January) season of 1999. The Mimosa

species studied form resource islands within their communities; the
species examined for each site were: site 1 (S1) Mimosa lacerata,
site 2 (S2) Mimosa polyantha, site 3 (S3) Mimosa adenantheroides,
site 4 (S4) Mimosa calcicola, site 5 (S5) Mimosa texana var. filipes,
and site 6 (S6) Mimosa luisana

Site Wet Season Spore number Dry season Spore number BC Spore number OA Spore number

S1 BC 219€27* BC 585€146* W 219€47* W 124 €47
OA 124€27* OA 101€35* D 585€146* D 101€35

S2 BC 204€22* BC 112€51 W 204€38 W 117€27
OA 117€15* OA 69€13 D 112€51 D 69€13

S3 BC 41€3* BC 26€2 W 41€5* W 18€5
OA 18€3* OA 22€3 D 26€2* D 22€3

S4 BC 148€8* BC 115€15* W 148€14* W 119 €6*
OA 119€3* OA 47€21* D 115€15* D 47€21*

S5 BC 29€6 BC 50€25 W 29€11 W 23€3
OA 23€1 OA 24€1 D 50€25 D 24 €1

S6 BC 165€10* BC 24€6 W 165€16* W 71€20*
OA 71€12* OA 14€6 D 24€6 D 14€6*
€ Standard deviation; c2 (a=0.05), *significant difference € Standard deviation; Student t-test (a=0.05), *significant

difference

132



filipes root exudates may play an important role affecting
AM-fungal phenology, creating AM-fungal spore reser-
voirs in the soil BC of these Mimosa species during the
dry season. However, there is no information about the
type and quality of the root exudates produced by Mimosa
species.

Though the microbial community of the rhizosphere is
defined as a key factor in the development, stability and
efficiency of mycorrhiza, little is yet known about it (e.g.
Garbaye 1991; Dhillion and Zak 1993; Whitford 1996).
For instance, information about AM-fungal spore popu-
lation dynamics (predation, dispersal and germination) is
scarce for arid and semiarid ecosystems. It is known that
AM-fungal spores are consumed and dispersed by
animals (e.g., nematodes, collembolans, ants, and small
mammals) (Warner et al. 1987; Dhillion et al. 1994;
Dhillion 1999; Snyder and Friese 2001), and parasitized
by other fungi or bacteria (see e.g., Fitter and Garbaye
1994). In addition, some spore-associated bacteria (e.g.,
Pseudomonas spp. and Corynebacterium spp.) are capable
of stimulating the germination of spores of AM fungi
[e.g., Glomus versiforme (Karsten) Berch (= Glomus
epigaeum Daniels and Trappe)] (Mayo et al. 1986). The
population dynamics of these organisms consequently
affect AM-fungal spore dynamics; for example, changes
in the population of bacteria could provoke changes in the
germination rate of AM-fungal spores. There is no
information about the biological diversity of the microbial
communities within the six study sites. The ecology of
microbial communities within these sites, and the type
and quality of the root exudates produced by Mimosa
species are two examples of research lines that may be
explored to understand interactions within the resource
islands formed by Mimosa species.

Within the Mimosa resource island itself, temporal
heterogeneity led to differences in the number of AM-
fungal spores. Comparing the wet season to the dry
season, significant differences were reported for M.
lacerata (S1), M. adenantheroides (S3), M. calcicola
(S4) and M. luisana (S6) resource islands, while no
significant differences were observed for M. polyantha
(S2) and M. texana var. filipes (S5) resource islands. In
the case of the soil samples from non-vegetated OA, a
significant difference in the number of AM-fungal spores
between seasons was reported only for sites S4 and S6,
whereas the spore numbers in soil from sites S1, S2, S3
and S5 were not significantly different between seasons
(Table 2). Differences in soil stability (Jacobson 1997),
soil structure and nutrient content (Johnson et al. 1992),
and micro-topography (Gibson and Hetrick 1988) affect
AM-fungal spore dynamics. Although physical differ-
ences are present within and between study sites, the soil
BC of Mimosa species in general has a higher nutrient
content (OM, P, Ca and Mg) and milder conditions (pH,
EC, temperature, shade) than the soil of OA (Table 3).
Differences in soil structure are evident when in non-
vegetated OA, for example, wind and rain easily erode the
soil and disperse spores that may be “trapped” in the areas
below the canopy of shrubs and trees. Mimosa resource

islands may also function as AM-fungal spore-traps; this
effect may also be related to topography, where sites S1,
S3, S4, and S6 are of medium slope, and sites S2 and S5
are flat (Table 1). A similar pattern of AM-fungal spore
distribution and spore-traps has also been found in plant
species such as Jatropha cuneata Wiggnis et Roll, Larrea
tridentata (Sess� & Moci�o ex D.C.) Coville, Lysiloma
candida Brandegee, and Prosopis articulata S. Watson,
among others (Carrillo-Garc�a et al. 1999). However, not
all the shrubs and trees that accumulate AM-fungal spores
in the soil under their canopies can form resource islands
(e.g., members of the Cactaceae, Euphorbiaceae, Lami-
aceae and Zygophyllaceae families) as discussed by
Carrillo-Garc�a et al. (1999).

Mimosa species as resource islands, and their function

As well as plant communities in the Valley (Camargo-
Ricalde et al. 2002a), the type, degree and intensity of
environmental disturbance is another factor that can affect
AM-fungal population dynamics (Allen 1991; Dhillion
and Zak 1993; Dhillion et al. 1994; Carrillo-Garc�a et al.
1999; Dhillion 1999). Within the Valley, three main
forms of ecological degradation have been recognized: an
increase in the number of unplanned crop fields, extensive
goat grazing, and deforestation (Zavala-Hurtado and
Hern�ndez-C�rdenas 1998). Though it is well known that
AM-fungal inoculum is reduced when soil is disturbed,
little is known about this factor in the study area; this is
the first study of its kind in the Valley. Specifically within
the study sites (Table 1), goat grazing, deforestation for
creation of new agricultural fields, soil and rock extrac-
tion for mills (salt mines), and urban growth pressure,
mainly through the opening of new dirt roads, are the
most common environmental disturbances found in the
Valley. More research is needed to understand how
disturbance affects the microbial communities established
in the resource islands formed by Mimosa species.
Modifications of the resource islands may directly affect
the associated flora (nurse-nursling association), which
belongs mainly to the Agavaceae and Cactaceae families,
most of them endemic to Mexico and to the Valley [e.g.,
Agave marmorata Roezl, A. salmiana Otto & Salm-Dyck,
Coryphanta radians (DC) Britton & Rose, Escontria
chiotilla (F.A.C. Weber) Rose, Mammilaria carnea Zucc.
ex Pfeiffer, Neobuxbaumia tetetzo (F.A.C. Weber) Back-
eb.] (Camargo-Ricalde et al. 2002a, b). It is important to
note that the majority of these species (45 of 50 species
examined within the six study sites) are mycorrhizal
(Camargo-Ricalde et al. 2002b).

Differences in the biological form and age of Mimosa
species and the plants that establish in the Mimosa
resource islands (e.g., globular, columnar, arboreous,
rosette, shrubs, and trees), as well as the root morphology
of each species (Hoffman and Mitchell 1986), may also
influence the number of AM-fungal spores recorded in
this study. Although Reynolds et al. (1999) report that,
despite the different phenological strategies of the two
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shrubs that form resource islands [Larrea tridentata
(Sess� & Moci�o ex D.C.) Coville and Prospois glandu-
losa Torr.], they are similar in function, and the stage of
maturity of a resource island complex did not seem to be a
significant factor influencing the growth and physiolog-
ical activity of these shrubs. No attention, however, was
paid to mycorrhizal propagules in the soil, where,
according to our data, changes can occur.

Mimosa resource islands are rich not only in nutrients,
but also in mycorrhizal propagules. Mimosa species can
serve as mycorrhizal resource islands in two ways, i.e., by
directly affecting AM-fungal spore dynamics, and by
serving as spore-traps. The use of Mimosa resource
islands as an option for biodiversity conservation and for
land restoration ought to be considered in the Tehuac�n-
Cuicatl�n Valley. Several questions in relation to AM in
Mimosa resource islands have arisen during this study
(e.g., the role of wet and dry seasons, type and quality of
root exudates, spore dynamics and microbe-nutrient
interactions, nurse plants and AM symbiosis, function of
the different Mimosa species, etc.). For a better under-
standing of the ecological importance of Mimosa resource
islands in arid and semiarid ecosystems, more research is
needed on interactions within these communities.
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