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Abstract

Three semiarid Mediterranean patchy landscapes were investigated to test the existence of a microsite effect (i.e. plant canopy vs. inter-

canopy) on soil microbial communities. Surface soil samples were independently taken from both microsites under naturally changing

conditions of humidity and temperature through the year. In gypsiferous soils covered with a shrub steppe, improved physical and

chemical soil properties were registered underneath the plant canopy, where the densest and most active microbial communities were also

detected (e.g. microbial biomass C averaged 531 and 202mgkg�1 in canopy and inter-canopy areas, respectively). In calcareous perennial

tussock grasslands, either growing on soils over limestones or alluvial deposits, the microsite effect was not so marked. Soil humidity,

temperature and total organic C were homogeneously distributed over the landscape conditioning their uniform microbial activity under

field moisture conditions (ATP content averaged 853 and 885 nmol kg�1 in canopy and intercanopy areas, respectively). However, readily

mineralizable C and microbial biomass C were preferentially accumulated in soils underneath the tussocks determining their larger

potential microbial activity (e.g. C hydrolysis capacity under optimal conditions). In conclusion, plant clumps either functioned as

microbial hotspots where enhanced microbially driven ecosystem processes took place or as microbial banks capable of undergoing a

burst of activity under favourable climatic conditions. Our results provide experimental evidence of a non-patchy distribution of certain

soil microbial properties in semi-arid Mediterranean patchy ecosystems.

r 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Vegetation patchiness is a common feature in semiarid
and arid landscapes, which are seen as mosaics including
vegetated and non-vegetated components (Valentin et al.,
1999). Among the hypotheses proposed about the forma-
tion of these peculiar landscapes (Garner and Steinberg,
1989; Allen, 1991), most authors suggest the redistribution
of sediments, water, nutrients and propagules from the
bare areas towards the plant clumps, where they contribute
to improve soil properties, in turn favouring plant growth
(Bergkamp et al., 1999; Puigdefábregas et al., 1999;
Schlesinger et al., 1999). Other factors such as rainfall,
e front matter r 2006 Elsevier Ltd. All rights reserved.
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plant dispersal or herbivory can significantly modify the
conditions under which patchiness is more likely to appear
(Hillerislambers et al., 2001).
Preferential resource accumulation has been observed

within the plant-covered patches, which function as fertile
islands embedded in a barren matrix (Bochet et al., 1999;
Thompson et al., 2006). Also milder climatic conditions
have been reported underneath the canopy. First, soil
moisture is greater beneath the clumps, due to water
harvesting through rainfall interception, uptake by roots
from adjacent unvegetated areas and water redistribution
from gaps to clumps (Bergkamp et al., 1999; Puigdefábregas
et al., 1999). Second, the canopy diminishes the intense solar
radiation (Maestre et al., 2001) avoiding the sun-baking
effect, which is an important factor for soil temperature
change and physical disruption (Magid et al., 1999).
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Locally enhanced fertility and improved environmental
conditions beneath the plant canopy promote the micro-
bially mediated ecosystem processes. Bolton et al. (1990,
1993) described islands of soil N-mineralization potential,
microbial biomass C and N, ATP content, microbial
respiration and enzymatic activities associated with the
shrub patches in a steppe in Washington. Herman et al.
(1995) found nitrogen-efficient guilds (i.e. organisms
capable of surviving in low-N environments) and hetero-
trophs concentrated beneath the shrubs in desert soils in
New Mexico. In Spain, Moro et al. (1997a) registered a
higher potential C mineralization within the plant patches
in semiarid shrub steppes. Bennett and Adams (1999)
measured significantly higher nitrification rates in tussock
soils than in open areas in Australian perennial grasslands.
Beyond these studies, little research has focused on the
ecological functioning of soil microbes in patchy semiarid
and arid lands.

In this survey, three semiarid Mediterranean patchy
landscapes were investigated to test the existence of
(i) preferential organic C accumulation and (ii) larger and
metabolically more active microbial communities residing
beneath the canopy than those of the inter-plant areas.
Microbial biomass and activity were reported, the latter
under (i) field moisture conditions (ATP content) and
(ii) controlled incubation conditions (CO2-C production
and two soil enzymatic activities involved in the C and P
cycles).
2. Materials and methods

2.1. Field sites

The study sites are located in Crevillent mountain range
(Alacant, SE Spain), which has a semiarid Mediterranean
climate with mean annual rainfall below 300mm and mean
annual temperature around 20 1C. The three sites are
located ca. 2 km apart from each other in steeply sloping
(45%) south-facing versants. Soils, which were classified
according to Soil Survey Staff (1998), are young and poorly
differentiated, i.e. their properties are similar to those of
the parent material from which they derived: (1) Typic
Haploxerepts over limestones (LM), covered with a
perennial tussock grassland dominated by Stipa tenacissi-

ma L. (esparto); (2) Typic Xerorthents on gypsum (GY)
with a leguminous shrub steppe dominated by Ononis

tridentata L.; (3) Typic Xerorthents over alluvial deposits
(AL) covered with esparto grasslands.

At each site, three 100m2 plots were randomly estab-
lished several tens to hundreds meters apart from each
other. Plant clumps covered ca. 30% of the surface in all
sites, as determined along three 10m linear transects placed
in each plot (Fig. 1). A hardened surface layer evident of
erosion (i.e. sealing crust) covered most inter-plant areas in
GY, whereas roughly 60% of the soil surface had a thick
layer of coarse rocky fragments (42mm) in LM and AL.
2.2. Soil sampling

In July 2001, November 2001 and April 2002 two
composite samples were independently taken from the
microsites within each plot. The microsites were: (1) plant
canopy microsite (PC), near the basal insertion of the
branches; (2) inter-canopy microsite (IC), beyond the edge
of the vertical projection of the canopy. A total of 54
samples were collected (2 microsites� 3 plots� 3 sites� 3
dates), each one consisting on a mixture of 10 homogenised
sub-samples, which were taken from the top 10 cm. For
sampling in PC, all the plant clumps within each plot were
numbered and 10 of them randomly selected. For sampling
in IC, the sub-samples were randomly chosen as (x, y)
coordinates over a 1.7m2 square fixed grid for each plot.
Sub-samples located upslope (terracetes) or downslope
(eddies) the plant clumps, where the soil properties are
asymmetrically modified (Bochet et al., 1999), were
discarded after field inspection. The sampling was designed
taking care not to collect previously disturbed soil in the
consecutive dates.
Samples were stored at 4 1C and taken to the laboratory.

Visible plant residues and roots were removed and fresh
soil sieved (o2mm) and divided into two sub-samples, one
of which was air-dried for physical and chemical analyses
and the other stored at 4 1C for subsequent microbiological
analyses. All analyses were made in triplicate.
Finally, three unaltered soil samples were taken from

each plot using a cylinder (5.0 cm high and 4.8 cm
diameter) 48 h after heavy rainfall to ensure the complete
gravity drainage of water to determine bulk density and
volumetric humidity. Soil temperature was recorded in
triplicate by inserting a thermometer (Huger) into a 10 cm-
deep hole.

2.3. Soil physical and chemical parameters

Soil gravimetric humidity was calculated as the loss of
weight after oven-drying the sieved samples (105 1C or
60 1C, for gypsiferous samples). The granulometric analysis
was made using a Robinson pipette and the textural class
was established using the USDA classification (Marañés et
al., 1998). Stationary aggregate stability was determined as
the difference between the sonication resistant aggregates
(40Hz, 180 s) and the coarse sands (Ingelmo et al., 2001).
Bulk density was determined as the ratio of the oven-dried
(105 or 60 1C) weight of unaltered samples to the volume of
the sampling cylinder. Volumetric humidity was calculated
as the ratio of pore water volume to the total volume of the
soil sample using bulk density measurements. pH and
electrical conductivity (EC) were measured in soil suspen-
sions in water (1:2.5 and 1:5w/v, respectively). In the
samples exceeding 0.2 dSm1, EC was determined in the soil
saturation paste. Soil carbonates were titrated with HCl
(1:1) and the volume of the CO2 produced was measured
using a Bernard calcimeter (Porta et al., 1986). Soil gypsum
content was estimated semi-quantitatively by calculating
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Fig. 1. Soil covered by plants, bare soil, rocky outcrops, coarse rocky fragments and litter in: LM, esparto grasslands over limestones, GY, shrub steppes

over gypsum and AL, esparto grasslands over alluvial deposits. Numbers indicate cover percentages.

Table 1

Mean physical and chemical properties in plant canopy (PC) and inter-canopy (IC) microsites, in soils over limestones (LM), gypsum (GY) and alluvial

(AL) deposits

Site microsite LM GY AL

Soil texture (USDA) PC Loamy Clayey loamy Sandy loamy

IC Loamy Loamy Loamy

Aggregate stability (%) PC 27.4 (7.2)a 29.1 (2.7)a 21.1 (1.1)a

IC 25.8 (9.6)a 22.6 (4.9)a 19.6 (1.5)a

Bulk density (g cm�3) PC 1.0 (0.1)a 1.0 (0.1)a 1.2 (0.1)a

IC 1.1 (0.1)a 1.1 (0.1)a 1.1 (0.1)a

Volumetric humidity (%) PC 14.4 (1.6)b 12.5 (1.9)b 12.8 (1.0)b

IC 11.5 (0.3)a 9.5 (2.7)a 12.0 (1.5)a

pH (H2O) PC 8.5 (0.1)b 8.0 (0.1)a 8.5 (0.1)b

IC 8.5 (0.1)b 8.0 (0.1)a 8.6 (0.1)b

EC (dSm�1) PC 0.16 (0.01)b 3.09 (0.42)d 0.15 (0.02)b

IC 0.14 (0.01)a 2.38 (0.31)c 0.12 (0.01)a

Carbonates (%) PC 57.7 (4.5)b 11.4 (3.3)a 74.6 (3.5)c

IC 59.1 (5.6)b 11.3 (4.0)a 75.3 (3.0)c

Gypsum (%) PC — 69.7 (2.1)a —

IC — 82.6 (1.2)b —

In parentheses, standard deviation for n ¼ 3. Values with the same letters are not significantly different (Po0.05).

Table 2

Soil gravimetric humidity (GH), temperature (ST) and metabolic quotient (qCO2) in plant canopy (PC) and inter-canopy (IC) microsites, in soils over

limestones (LM), gypsum (GY) and alluvial (AL) deposits

Site/microsite LM/PC LM/IC GY/PC GY/IC AL/PC AL/IC

GH (%) Jul 3.7 (0.4)d 3.1 (0.6)d 1.4 (0.2)b 1.2 (0.2)a 2.5 (0.6)c 2.7 (0.7)cd

Nov 12.0 (1.1)ij 14.9 (0.6)j 11.3 (1.8)i 8.2 (0.4)g 11.6 (0.9)i 12.9 (1.0)i

Apr 9.4 (0.9)h 10.6 (1.9)h 5.7 (1.0)f 4.9 (1.1)e 6.1 (0.8)f 7.6 (1.4)f

ST (1C) Jul 34.4 (3.2)c 34.7 (2.1)c 27.1 (0.4)c 30.6 (4.3)c 28.1 (1.2)c 31.5 (6.2)c

Nov 14.7 (2.2)a 15.4 (2.4)a 12.3 (1.8)a 11.6 (1.2)a 12.3 (0.6)a 11.9 (0.7)a

Apr 14.7 (1.6)a 14.1 (2.1)a 17.8 (1.7)b 20.7 (2.0)b 18.9 (0.1)b 21.6 (2.2)b

qCO2 (mg CO2-Cmg�1 Cmic h
�1) Jul 1.4 (0.2)c 0.7 (0.1)b 3.2 (0.9)d 1.3 (0.6)c 1.5 (0.2)c 0.8 (0.2)b

Nov 0.5 (0.1)a 0.4 (0.1)a 0.5 (0.1)a 1.1 (0.2)c 0.5 (0.1)a 0.5 (0.1)a

Apr 1.2 (0.1)c 0.8 (0.1)b 2.5 (0.5)d 0.7 (0.3)bc 1.3 (0.3)c 0.6 (0.1)ab

In parentheses, standard deviation for n ¼ 3. Values with the same letters are not significantly different (Po0.05).
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the crystal-water content of gypsum (Nelson, 1982). Mean
values are given in Tables 1 and 2.

2.4. Soil organic carbon

Total organic carbon (TOC) was determined by wet
oxidation with 1N potassium dichromate in acidic medium
and back titration with 0.5N ferrous ammonium sulphate
(Walkley and Black, 1934, in Porta et al., 1986). Humic
substances carbon (HSC) was extracted by rotatory
shaking (4 h, 50 rotationsmin�1) with 0.1M sodium
pyrophosphate (pH 9.8) (1:20w/v) and centrifuging
(7270� g, 15min) (Stevenson, 1982). The C contents were
quantified in the filtered extracts by using a TOC analyser
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Fig. 2. (A) Total organic C, (B) humic substances C and (C) water-soluble

C of soils over limestones (LM), gypsum (GY) and alluvial deposits (AL).

Bars indicate standard error for n ¼ 3. Values with the same letter are not

significantly different (Po0.05).
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(TOC-5050A Shidmazu). Water-soluble C (WSC) was
obtained from an aqueous solution (1:5w/v) after rotatory
shaking (2 h, 50 rotationsmin�1) and centrifuging (1820�
g, 15min). Thereafter, analyses were performed as for
HSC.

2.5. Soil microbial biomass and activity

Microbial biomass C (Cmic) was determined by the
chloroform fumigation extraction procedure described by
Vance et al. (1987), but using liquid chloroform and a TOC
analyser (TOC-5050A Shimadzu). The calibration factor
used was KEC ¼ 0.38.

ATP extraction was carried out within 24 h after
sampling, according to Webster et al. (1984) with the
modifications by Ciardi and Nannipieri (1990). The ATP
content was quantified by means of the luciferine-luciferase
system (Alef and Nannipieri, 1995).

The CO2 evolved under controlled conditions (60%
water-holding capacity, 28 1C) during a 24-day aerobic
incubation was determined as described elsewhere
(Goberna et al., 2006). Basal respiration was calculated
as the average CO2-C respired daily per kilogram soil
throughout the incubation (Nannipieri et al., 1990). The
metabolic quotient (qCO2) was calculated as the cumula-
tive C value after the whole incubation period divided by
the microbial biomass C (CO2-C(24d)/Cmic) (Anderson and
Domsch, 1993).

Soil b-glucosidase and alkaline phosphatase activities
were determined colorimetrically as the amount of p-
nitrophenol (PNP) produced from p-nitrophenyl-b-D-
glucopyranoside and p-nitrophenyl-phosphate, respec-
tively, per gram soil and hour (Moreno et al., 2003).

2.6. Statistical analyses

The statistical effects of the sites (LM, GY and AL),
microsites (PC and IC) and sampling dates were analysed
by ANOVA for repeated measures with SPSS 11.5. Data
were checked to meet ANOVA assumptions; a logarithmic
transformation was applied when needed (clay content,
gravimetric humidity, temperature, TOC, WSC, ATP and
basal respiration). In cases of significant F statistics
(Po0.05), Tukey’s post hoc test was selected to separate
the means.

3. Results

3.1. Physical and chemical soil properties

Soil texture below the plant canopy differed among the
sites, whereas all of them presented loamy textures in the
inter-canopy areas. Aggregate stability, bulk density and
volumetric humidity were equivalent among all sites. Only
the latter variable exhibited significant differences between
the microsites (Table 1).
LM and AL showed higher pH, carbonates and
lower electrical conductivity than GY. A microsite effect
(i.e. canopy vs. inter-canopy areas) was observed for the
latter variable in all sites, as was for the gypsum content in
GY (Table 1).
Soil moisture in LM was significantly higher than in AL

or GY, the latter being the only site showing statistical
differences between the plant canopy and inter-canopy
microsites (Table 2). All the sites presented maximal and
minimal values in November and July, respectively.
Neither the sites nor the microsites showed significant
differences in their soil temperature, which was signifi-
cantly higher during the driest season (Table 2).

3.2. Soil organic carbon

TOC and HSC varied widely between the sites, which
were ranked as follows: LM4AL4GY (Figs. 2A and B).
Only GY showed significant differences between the
contents measured in the microsites. Generally, the soils
analysed exhibited homogeneous TOC contents through-
out the year and summer maxima for HSC.
All sites generally showed the highest WSC content

within the plant canopy area (Fig. 2C); no significant
differences were detected among these WSC values. In the
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inter-canopy area, LM and AL presented significantly
higher WSC values than GY. All sites exhibited a rise in
WSC content in July.
3.3. Microbial biomass

Cmic significantly differed among the tested factors
(Fig. 3A), which showed statistical interactions among
them. The microbial communities residing in LM, parti-
cularly those within the vegetated patches, were the
greatest. The smallest microbial densities were found in
the bare areas of GY. AL was the only site to show
homogeneous Cmic values between the plant canopy and
inter-canopy microsites. In the calcareous soils (LM and
AL) Cmic tended to be higher in July, whereas in soils on
GY Cmic varied little through the year.
3.4. Actual microbial activity

ATP was extracted from soils under field moisture
conditions immediately after sampling and, hence,
was used as an indicator of actual microbial activity
(Nannipieri et al., 1990). The ATP contents in the soils
below the plant canopy were, in general terms, not
significantly different (Fig. 3B). Greater differences were
found among the inter-canopy areas, mainly between LM
A
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Fig. 3. (A) Microbial biomass C, (B) ATP content and (C) basal
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and GY. The latter site was the only one to present
significantly larger ATP contents below the plant canopy
compared with the bare areas. There was a pronounced
increase in ATP in April.
3.5. Potential microbial activity

Microbial CO2 production was measured during a
short incubation assay under favourable conditions for
microbial growth. The enzymatic activities were quanti-
fied as the amount of artificial substrate transformed per
hour and gram of soil under optimal conditions for
enzyme performance (pH, temperature and substrate
concentration). For these reasons, microbial respiration
and the hydrolases measured are considered as general
and specific indicators of potential microbial activity
(Nannipieri et al., 1990).
The areas of plant influence of all the sites had similar

basal respiration values (Fig. 3C), whereas major differ-
ences were detected among the inter-plant areas. All the
sites showed a higher basal respiration below the plant
canopy than in the inter-canopy areas, except in the period
of minimal activity (November). The highest basal
respiration values were detected in July.
The metabolic quotient (qCO2, Table 2) was significantly

higher in GY than in LM and AL, which did not differ
between them in this respect. The highest qCO2 were
measured below the plant canopy, in July and April.
No differences in b-glucosidase activity were found

between the plant-covered areas of the sites, where the
highest levels were measured (Fig. 4A). In the inter-
canopy areas, LM and AL had a similar ability to
decompose hydrocarbonated substrates, an ability which
B
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was significantly higher than that of GY. Similar patterns
were found for alkaline phosphatase activity (Fig. 4B). The
b-glucosidase activity values measured in April and July
were not significantly different and higher than those
measured in November, whereas there was a general
increase in phosphatase activity in April.
4. Discussion

4.1. Soil heterogeneity in patchy landscapes

The distribution of physical and chemical topsoil
properties over the landscape components was notably
different between the gypsiferous (GY) and calcareous sites
(LM and AL). While the former reflected the general belief
that plant assemblages constitute fertile isles of milder
living conditions embedded in a barren matrix, this idea
appeared rather diffuse in the calcareous landscapes
studied.

In GY, a microsite effect (i.e. plant canopy vs. inter-
canopy) was detected regarding most soil properties. The
plant canopy microsite presented a larger volumetric
humidity (Table 1), which is indicative of the water storage
capacity, resulting in significantly higher soil moisture
contents all through the year (Table 2). No significant
differences were found in soil temperature, contrarily to
what Moro et al. (1997b) detected, due to a large internal
variation in the inter-canopy microsite. However, in the
hottest season the maximum temperatures were detected in
bare gypsic soils, reaching roughly 36 1C.

In this site (GY), the largest soil organic C contents
were measured beneath the canopy (Fig. 2). Particularly
marked were the differences in the amount of water-soluble
C (Fig. 2C), which constitutes a readily available C source
for microbial metabolism. Despite the local accumulation
of organic substances, which have a major influence on soil
structure, similar values of aggregate stability and bulk
density were measured over the landscape (Table 1). Also
Bochet et al. (1999) found a steep gradient of organic
matter from the soil underneath the plants towards the
inter-plant spaces, but a similar aggregate stability in both
landscape components in gypsic areas. These observations
are in agreement with the positive effect that gypsum exerts
on the amount and persistence of water-stable aggregates
(Muneer and Oades, 1989).

In esparto grasslands (LM and AL), a spatial hetero-
geneity in certain soil attributes was detected that was
associated to that of the tussocks, e.g. volumetric humidity
(Table 1). However, soil moisture and temperature were
homogeneously distributed over the landscape (Table 2).
The thick layer of coarse rocky fragments covering the
plant gaps (Fig. 1) helps explain these observations since it
favours water infiltration and intercepts the intense solar
irradiation preventing evaporative water losses (Lavee and
Poesen, 1991). Neither did Maestre et al. (2001) detect
significant differences in soil moisture among the microsites
during the most part of the year, but reported higher soil
temperatures in the open areas in nearby grasslands.
Water-soluble C pointed to preferential resource accu-

mulation within the esparto influence area, where TOC
contents were surprisingly not significantly larger (Fig. 2).
Similar results have been previously reported in other
esparto grasslands (P. Garcı́a-Fayos, personal communica-
tion). Several mechanisms might be claimed to underlie
TOC input into the open interspaces. First, the spotted
scrubs and grasses supply nutrients in soils between major
plant clumps (Bolton et al., 1990, Halvorson et al., 1994).
Thompson et al. (2006) reported an equivalent soil enzyme
activity in macro- and micropatches. Second, the laterally
growing root system spreading from the tussocks towards
the gaps (Puigdefábregas et al., 1999) can also replenish the
TOC pools. The hyphae of mycorrhizal fungi can be a
further source of mineralizable C. Indeed, neither the
number of mychorrizal propagules nor the hyphal length
presented significant differences between the microsites in
similar tussock grasslands (Azcón-Aguilar et al., 2003; Rillig
et al., 2004). Finally, the spatial dynamics of the esparto
patches at hillslope scale can be relatively fast due to the
growth of clonal individuals surrounding the mature plant
(Sánchez and Puigdefábregas, 1994). After senescence and
disappearance of the mature individual, when the original
patch breaks apart into several young clumps, the effects of
its belowground biomass persist in soil, thus, likely
contributing to the uniform TOC distribution observed.

4.2. Plant clumps as microbial hotspots or banks

The contrasting soil properties of plant clumps and gaps
influenced the soil microbial communities residing in each
mosaic component. Generally, all sites sustained denser
microbial communities underneath the plant canopy (Cmic,
Fig. 3A), where the highest potential microbial activity was
also reported as indicated by the basal respiration (Fig. 3C)
and enzyme activities (Fig. 4).
Under optimal incubation conditions, the microbial

communities beneath the canopy transformed a greater
amount of organic substances into CO2 (Fig. 3C).
However, these microbes were seen to be metabolically
less efficient (Wardle and Ghani, 1995), since more CO2

was respired per unit biomass (qCO2, Table 2). This means
that more energy had to be diverted to maintenance, what
is attributable to the intense competitive interactions
existing beneath the plant assemblage (Aguiar and Sala,
1999). Moreover, the larger microbial and root biomass
densities underneath the plant clumps, which entail a faster
depletion of nutrients, stimulated the synthesis
and excretion of b-glucosidase and alkaline phosphatase
(Fig. 4) (Garcı́a et al., 2002). These are involved in the
decomposition of complex compounds, releasing assimil-
able sugars and inorganic P, respectively, into the soil
solution (Tabatabai, 1994).
These findings support the idea of the resource

islands functioning as hotspots of microbiological activity
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embedded in a less active landscape, in all sites. In
agreement with this observation was the higher actual
microbial activity reported underneath the canopy in GY
(ATP, Fig. 3B). Contrarily, the calcareous soils (LM and
AL) had an unexpected homogeneous ATP content
underneath the plants and in the open nearby areas. This
observation was attributed to the uniform distribution of
physical and chemical soil properties that determine the
microbe’s living environment, such as moisture, tempera-
ture or TOC. Therefore, in the calcareous landscapes
studied the plant-influence areas did not function as
hotspots of microbial activity, although under laboratory
conditions they showed the potentiality to do so (see
discussion above). These results suggest that the calcareous
soils within the esparto patches shelter microbial banks
that can experience a burst of activity under favourable
environmental conditions.

4.3. Microbial communities under changing conditions of

soil moisture and temperature

Environmental conditions in April were the most
favourable for microbial growth, as the great ATP rise
reflected (Fig. 3B). During this active phase, there was an
enhanced enzyme production, mainly alkaline phospha-
tase, to satisfy the greater nutritional requirements (Fig. 4).
At the opposite extreme were the conditions in November,
when the minimum activity was reported, resulting in a less
stressed situation for soil microbes as the least CO2

produced per unit Cmic reflected (Table 2).
Microbial respiration invariably showed summer max-

ima (Fig. 3C). Two synergistic mechanisms might be
operating that account for the higher CO2 production
observed in the driest and hottest sampling period. First,
more labile substances were available in the soil solution, as
derived from the WSC contents (Fig. 3C). WSC pool
replenishment in July was probably related to the high soil
temperatures and evaporation rates (Yano et al., 2000;
Andersson and Nilsson, 2001). Second, microbes are
largely activated upon rewetting in dry samples leading to
an increased CO2 production (Fierer and Schimel, 2002).
Such a pulse can be promoted either by the use of biomass-
derived substrates (i.e. from organisms dead due to the
osmotic shock) or organic matter that becomes accessible
after physical disruption (VanGestel et al., 1992; Pulleman
and Tietema, 1999). The second alternative seems more
plausible since it is unlikely that microbes living in the
extremely fluctuating Mediterranean ecosystems undergo a
significant lysis by a rapid change in the water potential
(Fierer and Schimel, 2002). This was supported by our Cmic

data, which were either constant through the year or
underwent moderate summer rises (Fig. 3A).

5. Conclusions

The intensity of the microbially driven ecosystem
processes, such as C mineralization or phosphorated
compound hydrolysis, was generally higher within the
plant clumps than in soils in their periphery. These results
reflect the widely accepted idea of resource islands
functioning as hotspots of microbial activity enveloped
by less active areas. However, in the esparto grasslands
studied the actual microbial activity (i.e. soil ATP content
under field moisture conditions) was unexpectedly homo-
geneous over the landscape components. Our results
suggest that in these landscapes the plant-influence areas
sustained microbial banks capable of undergoing a burst of
activity under a favourable scenario, thus becoming
hotspots. This might be also the case under severe drought
conditions, when the unvegetated areas might become
water-limited faster. These results reveal that the distribu-
tion of soil microbial properties in semi-arid Mediterra-
nean ecosystems is not necessarily associated with the
patchy plant distribution. Other factors such as lithology,
land surface characteristics, and the composition and
dynamics of the plant clumps, may influence the micro-
bially mediated ecosystem processes and should be further
investigated.
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