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Abstract. Nitrogen (N) is one of the nutrients most limit- become decoupled from N availability. Nutrient availabil-
ing to ecosystem productivity. However, N availability is ity is a key determinant of ecosystem function and stability
increasing globally, which may affect ecosystem functions(Bobbink et al., 1998; Phoenix et al., 2006). When N avail-
and stability. To understand the role of each ecosystem comability exceeds an ecosystem’s N retention capacity, a shift
partment in the cycling of increased N, we studied the ini- from a closed internal N cycle to an open and leaky cycle oc-
tial response of a nutrient-poor ecosystem, a Mediterraneanurs, with the excess N being leached and/or emitted from the
maquis, to increased N deposition. N availability (dose andecosystem (de Schrijver et al., 2008). Most research on the
form) was modified by three N additions over the year (mid- effects of N enrichment on ecosystems has focused on tem-
dle autumn/winter, spring and summer). Soil inorganic N perate synchronous systems (availability of resources coin-
pools (nitrate in particular) strongly reflected the N additions cides with plant growth) from northern Europe and America
in autumn, almost matching the total N added over the thregBobbink et al., 2010; Phoenix et al., 2006). There are some
additions. Cistus ladanifer the dominant plant species, re- documented studies on asynchronous temperate ecosystems
sponded to the increased N (cover and N concentration irfe.g. in alpine tundra there are large increases in the inor-
leaves and litter). Given that leaf shedding occurs in theganic N pool during snowmelt — Brooks et al.,1998 — and the
summer, the importance of this N pool returning to the soil highest rates of N mineralization occur during late summer
through litter decomposition on the total soil inorganic N in or early fall, after plant senescence — Jaeger et al., 1999).
autumn was investigated. Data suggest that living plants anéHowever, these are exceptions and not the most common sit-
litter have a crucial role in preventing N losses from Mediter- uation (Augustine and McNaughton, 2004). Therefore not
ranean magquis. This is the first integrated field study on howmuch is known about asynchronous ecosystems (availabil-
European Mediterranean ecosystems retain increased N dtfy of distinct resources and plant growth do not occur at the
different forms and doses, however longer-term studies arsame time) such as those in Mediterranean regions (Jackson
needed to explore the generality of this study’s observationset al., 1988). Mediterranean-type ecosystems occur world-
wide and are a product of the Mediterranean climate: hot dry
summers, and mild wet winters (Rivas-Masz et al., 2004).
1 Introduction The few studies of the N retention capacity of Mediterranean-
type ecosystems have been made in California (e.g. Holub
Temporal patterns of inorganic nitrogen (N) turnover andand Lajtha, 2004), while, as far as we are aware, none have
plant growth can influence important aspects of plant com-been made of the Mediterranean Basin.
munity and ecosystem dynamics; e.g. N losses, plant produc- We hypothesize that the mild temperatures and less lim-
tivity, community composition, changes in N and/or phos- iting water availabilities, which result in intense biological
phorus (P) limitation, decomposition rates and N niche com-activity during the Mediterranean spring, coincide with pe-
plementarity (Augustine and McNaughton, 2004). Anthro- riods of low soil inorganic N pools. During this period,
pogenic activities have led to global N enrichment (Gal- most additional N is likely to be taken up by plants and
loway et al., 2008), threatening ecosystems at local, regionamicroorganisms, and retained within the ecosystem’s biotic
and global scales (Cassman et al., 2003), since demand hasmpartment. However, during the dry summer, a significant
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proportion of the N will return to the soil through leaf shed- communisL. (Myrtaceag. Herbaceous species comprise
ding. In autumn, when water no longer limits biological ac- ~10 % of the total plant cover, of which many are annual
tivity, N returns to the inorganic form through decomposi- plants.
tion processes. As a result, soil inorganic N pools are ex-
pected to be the highest in autumn. For this reason we stud2.2 Experimental design and fertilization schedule
ied soil inorganic N over time, plant community and the N
stored in plants and litter in a Mediterranean maquis in re-The criteria for choosing the N doses and forms used in the
sponse to N additions. Our objective was to evaluate theexperiment were: (a) N doses lower than the N deposition
short-term N retention capacity of a Mediterranean maquigreported for other areas in Mediterranean-type ecosystems
(i.e. a type of Mediterranean habitat that comprises closed145kgNhalyr~—1 — Fenn et al., 2003; Meixner and Fenn,
vegetation, usually with 100 % cover, mainly shrubs with 2004) but high enough to establish “worst case” scenarios
few annuals and some geophytes, trees are nearly alwaysf N enrichment in this type of habitat; and (b) mimic the
present, some of which may be in shrub form) and undermost likely N pollution scenarios in the experimental area,
stand which ecosystem compartments are involved in the cyie. combined inputs from urban/industrial sites and agri-
cling of the increased N in such an asynchronous ecosyseultural (addition of nitrate and ammonium) and predomi-
tem. Specifically, we examined relationships between the N-nantly agricultural sources (addition of ammonium). There-
driven response of N concentration in the soil, leaves andore, N availability was modified by the addition of 40 and
litter through two consecutive springs (2007 and 2008).  80kg N halyr~!in the form of NH;NOj3 (doses designated
40 AN and 80 AN) and 40kgNha yr—! as a 1:1 mixture
of N-NH4Cl and N-(NHy)2S0O, (designated 40 A). Control

2 Material and methods plots were not fertilized. Beginning in January 2007, the dry
N salts were homogenously added, by hand, in three equal
2.1 Study site applications over a year: middle autumn/winter, spring and

summer. The N granules dissolved rapidly (1-7 days depend-

The study site (3829 N-9°01' W) is in Serra da Abida  ing on the N addition period). N additions were scheduled
in the Arrabida Natural Park, south of Lisbon, Portu- so that no precipitation was predicted for at least one week
gal (a Natura 2000 site — PTCONOO010 abida/Espichel). after the N addition. Data reported in the present paper is
It is located in a sub-humid thermomediterranean biocli- based on four N additions that took place in January, April
matic domain (Rivas-Maimez et al., 2004). According to and August 2007; and January 2008, always following the
records (1971-2000 — Instituto Nacional de Meteorologiacorresponding soil sampling. Each treatment was replicated
e Geofsica), mean annual precipitation is 730 mm; meanthree times, 3 plots each of 40&nin order to restrict bound-
maximum temperature, 27°8€ (August); and mean mini- ary effects and dilution processes, all measurements, analy-
mum temperature, 8°C (January). Estimated background ses and sample collection were performed within an internal
N deposition is 5.2 kg hat yr—1 (2.9 kg NQ, + 2.3 kg NH, — 100 n? square. To prevent N “contamination” through runoff
http://webdab.emep.int/Unifiefllodel Results). from N-plots, the experimental plots were distributed in three

The study site is located on a southeast-facing slope (5 %ljows along the 5% slope, with the controls being located in
at 130ma.s.l. that is protected from public access and hathe top row.
not been affected by human activity in recent years. Soil
is skeletal (15 cm depth) so that true profiles cannot be dis2.3 Soil and plant sampling and plant assessment
cerned and soil density is 1.3gcr Silt predominates in
the soil (50 %), while sand and clay contents are 32 % andS0il was sampled from the four corners and the centre of the
18 %, respectively (silt-sand-loam texture). The vegetationinternal 100 M square of each plot. Soil samples (2 cm di-
consists of a dense maquis (Eunis class F5.2 — Mediterranea@meter and 15 cm depth) were removed, sieved (2mm) and
maquis), which developed after a fire event (summer 2003ptored at £C until analysis. Sampling took place in May,
four years before the first N addition. The vegetation is dom-August and October 2007; and February and April 2008,
inated by summer semi-deciduous species which exhibit leagorresponding to the distinct seasons. Individual soil sam-
dimorphism, shedding a large fraction of their leaves andples (five per plot) were used to determine soil pH, mois-
twigs in the summer, and their development is coupled to waiure and concentrations of nitrate (N-§@ ammonium (N-
ter availability in the upper soil layers (Correia and Catarino, NHI) and inorganic N. Bulk soil samples (equal mixtures of
1994; Cruz et al., 2008). At the moment, the dominant plantthe five soil samples from each experimental plot) collected
species is &istaceaeCistus ladanifelL. (Dias et al., 2011).  in May 2007 and April 2008 were used for soil characteriza-
Other abundant plant species inclugiéca scoparialL. (Er- tion (Table 1, see below for methods).
icacea®, Calluna vulgaris(L.) Hull (Ericaceag, Genista The vegetation at the study site was assessed within one
triacanthosBrot. (Fabaceag Ulex densushVelw. ex Webb  5x 5m square per plot (within the internal 108during
(Fabaceag Dittrichia viscosal. (Asteraceag andMyrtus spring (June 2007, May 2008)C. ladanifer plant cover
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Table 1. Soil surface (0—15 cm) properties (N, phosphorus — P, potassium — K, magnesium — Mg — and organic matter concentrations — OM
—and pH) at the first (May 2007) and second (April 2008) springs after the beginning of the experiment according to the distinct N additions
(Control, 40 A, 40 AN and 80 AN).

Soil N p* K Mg* OM pH*
properties (mgghH  (og™d  magH (mgghH (mgghH  (H20)
2007 0902 8.0+31 115+22 126+19 57+1 5.8+0.2

Control 5008 1.0£01 5.0+12 98+21 77413 5840  55+0.1
oA 2007 1.0£02 53+13 178£29 135:11 60£0 65103
2008 1.1£01 33+03 118£30 9547 5741 54402
soay 2007 10501 70815 1333 11749 6430  6.3+0
2008 1.3:0 4.0+06 132£22 894 6040 56401
soay 2007 12603 73:28 15137 137418  70=1  6.7+03

2008 1.2:0.2 4.7£1.2 141+25 88+1 69+1 5.9+0.2

* Refers to statistically significant differences between the two years; there were no significant interactions between treatmenpan@.fihe Yalues represent the mearr3
experimental plots per treatmentSE.

was calculated from the total projected crown area (calcu-by dry combustion using an elemental analyzer (Leco CNS).
lated from two perpendicular diameters, assuming ellipticalPhosphorous and potassium were quantified by a modifica-
shape). tion of the Egner-Riehm method using plasma emission spec-

C. ladanifets leaves were sampled in the spring. Sam- trophotometer with an optical detector (ICP-OES), follow-
ples consisted of twigs containing approximately 4-5 pairs ofing extraction using ammonium lactate 0.1 M and acetic acid
fully expanded leaves. One twig per plant was sampled from0.4 M, pH 3.65-3.75. Mg was extracted with ammonium ac-
ten randomC. ladanifer plants within the internal 100fn  etate 1M, pH 7 and quantified by atomic absorption spec-
square. The leaves from the ten twigs were bulked to formtrophotometry with flame atomization. Leaf and leaf litter
one composite sample per plot. Litter was sampled near t¢amples were dried at 6C, ground (MM 2000) and ana-
each of the five soil sampling points in each plot. Litter lyzed for total N and carbon (C — the same procedure as for
sampling took place in the summer. Only leaf litter from soil samples).
C. ladaniferwas analyzed.

2.5 Calculations

2.4 Chemical analysis
y Changes in the cover d@istus ladaniferover time o, t1)

were calculated according to Sheppard et al. (2008) as fol-

From each individual soil sample (five per plot and per sam—I
OoWS:

pling time), 10 g fresh weight (fwt) of soil were used to gravi-
metrically determine soil water content (Kern EG300 3M).
Five g (fwt) of soil were used to prepare soil water extracts
(1:10 — weight/volume). Soil extracts were shaken (Cassel ) ) ,

Agitator, 600 rpm) for one hour at room temperature, Cen_Changes: in the treatments,() in relation to the control
trifuged (Eppendorf Centrifuge 5403) at 5000 g for 20 min at (Mc) were calculated as follows:

4_°C. The supernatant was collected and analyzed colorimetChangeS in relation to the contigig g~1) = m,— Mc

rically (spectrophotometer Tecan Spectra Rainbow A-5082)

for nitrate (Matsumura and Witjaksono, 1999), ammoniumwhere ‘m” corresponds to each individual value (e.g. con-
(Cruz and Martins-Louo, 2000), and for soil pH (Crison centration of N as soil inorganic N and litter NW¢” corre-
micro pH 2002). Soil inorganic N was the sum of the water sponds to the mean value of the control for each parameter;
extracted N-Nlj[ and N-NG;, and was expressed as ugN and ‘»” corresponds to the distinct experimental plots.

per g of dry soil. The bulk soil samples used for determining Transformation of the applied N doses into soil inorganic
organic matter and concentrations of total N and extractabléN concentrations (ug N¢ dwt) was based on the following

P, potassium (K) and magnesium (Mg) were dried at@5 soil characteristics: 15cm depth and 1.3 génof density,

until constant dry weight (dwt). Organic matter was de- resulting in~2000t of soil per ha. Therefore, the addition
termined according to 1ISO standard 10694 by loss on igni-of 40 and 80 kg N per ha corresponded to doses of 20 and
tion overnight at 600C (Nabertherm L3/11/C6). Analysis 40pugNg?, respectively. The transformation of the applied
of total N was carried out according to ISO standard 13878N doses into soil inorganic N concentrations will be referred

(Parameter—Parametey)

100
(Parameter+ Parametey) /2 %

Changes over tim@b) =

www.biogeosciences.net/9/193/2012/ Biogeosciences, 9,208-2012



196 T. Dias et al.: N retention in a Mediterranean maquis

to as “total N added”, while the concentration of soil inor- agricultural soils, therefore not expected to be limiting. Soil
ganic N in relation to the control determined in autumn will organic matter in springs 2007 and 2008 were similar, while
be referred to as “measured N”. soil pH (in water) decreased in the second spring.

The possible contributions to the soil inorganic N concen-  Soil total N, inorganic N, N@ and NI—Q concentra-
tration determined in autumn were identified as: inorganic Ntions in spring 2007 and 2008 were not related to the
present in the soil in the previous season — [N] summer; thdreatments. On the first sampling occasion (May 2007),
subsequent N addition — [N] addition; and the extra N presenthe N-plots had only received 1/3 of the annual dose:
in the litter (in relation to the control) which was shed dur- 40A and 40 AN~ 13kgNha® and 80 AN~ 27 kg N ha'l,
ing the summer — [N] litter. The [N] addition and the [N] but by spring 2008, the fertilized plots had received 4/3
litter were also transformed into soil inorganic N in the soil of the annual dose: 40A and 40 AN53kgNha' and
(ug gt soil dwt). The effects of the N additions on the three 80 AN~ 107 kg N ha'l.
contributors were then compared to the control. The changes However, when the concentrations of soil inorganic N and
of litter N concentration in relation to the control were esti- NO; were determined in the summer, autumn and winter
mated assuming an annual litter production of 2.3tha a between the two springs, it could be seen that in autumn
Mediterranean maquis (Schultz, 2002). Then we calculatedlate October 2007) they reflected the N added to the sys-
the sum of the soil inorganic N determined in the summer,tem (Fig. 1). N@Q was the predominant form of inorganic
the summer N application and the N contained in the litterN in the soil, except in summer (August 2007 — Fig. 1). The

(“calculated N”). temporal pattern of soil total inorganic N (Fig. 1b) therefore
o resembled that of ND (Fig. 1c), reflecting the N additions
2.6 Statistics in autumn when the three annual N additions had already

. ) been applied. In autumn, soils from fertilized plots had more
Summary statistics of soil and plant parameters were COMinorganic N than the controls (40-A40 AN < 80 AN plots),
pared for the different treatments. The repeated measureSyrresponding to 11, 22 and 32 pg of Nigof soil dwt more
test (General Linear Model) was applied to assess the eXispan the control (see materials and methods). After trans-
tence of significant interactions between time and treatmenforming the applied N doses (40 and 80 kg Nhgr—1) into

for soil and plant parameters and differences per treatmendy| ingrganic N concentrations (see materials and methods
in leaf and litter parameters were analyzed by a one-way_ ug N gL soil dwt), the comparison between the “total N
ANOVA. In both cases, these were followed by a Bonfer- ,qqed and the “measured N” showed significant differences
roni test p < 0.05 for all comparisons except for the changes, ihe 40 A plots but not the 40 AN and 80 AN plots. There-
in C. ladanifer cover p <0.1), or by a Games-Howell test ¢5.6 the N added to 40 AN and 80 AN plots appears to have
whenever, homogeneity of variances was not conf|rm?d bYheen retained by the system, becoming detectable in soil to-
a Levene's test. Differences between “total N added” and,) jnorganic N measured in autumn. In 40 A plots the total

“‘measured N” and between “measured N" and the “calcu-gy| jnorganic N measured in autumn was significantly lower
lated N” were analyzed by the t-student tegt<{0.01). In  14n the total N added (Table 2).
all cases, preliminary analyses were performed to ensure that

there was no violation of the assumptions regarding the tests3 2 Cistus ladaniferresponses to N additions
application. SPSS software, version 19.0, was used for all
tests. At the beginning of the experiment (spring 200Z),ladani-
fer plant cover was similar in all treatments (Fig. 2a). How-
ever, differences between treatments were observed one year
later, in spring 2008 (Fig. 2a, b). The 80 AN treatment caused
a decrease in th€. ladanifer(Dias et al., 2011) plant cover
in relation to the control (Fig. 2b).

The N concentration o€. ladaniferleaves was also af-

3 Results
3.1 Soil responses to N additions

In the first spring after the beginning of the experiment k Y )
(2007), concentrations of N, P, K and Mg in the soil were fected by the N form, since only the additions of ammonium

similar irrespective of the treatment (Table 1): the soil wasMitrate (40 AN and 80 AN) led to a significant increase in re-

very poor in N and P. Soil analyses in the first and second@tion to the control (Fig. 3b). In contrast, the N concen-

springs after the beginning of the N additions showed that tolration of C. ladaniferleaf litter responded to the N dose,

tal N concentrations were not related to the applied N dose&'ith only the litter from the 80 AN plots having significantly
(0, 40 or 80kg N halyr-1) since they were similar for all higher N concentrations than the control. The C/N rati€of

treatments. In contrast, soil P and Mg had decreased signifi@danifer leaves also depended significantly on the N form

cantly by the second spring irrespective of the treatment. Al-2PPlied (Fig. 3c).
though not significantly different, the decrease in K concen-
trations was most pronounced in 40 A plots. The K and Mg
concentrations were still within the range normally found in
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F'g %0 Fig. 2. C. ladaniferplant cover(a) and its response to the distinct N
i’ 5] additions (Control, 40 A, 40 AN, and 80 AN). Plant cover (%) was
g"’ assessed on the first and second springs after the beginning of the N
Z 10 fertilizations, which allowed calculating its changes over time (see
3 material and methods). Different letters refers to statistically sig-
0 nificant differences between the two springs (ANOYA< 0.1 fol-
d 18 lowed by a Bonferroni test). There were no significant interactions
15 1 between treatment and timg & 0.01). Values represent the mean
245 | (n =3 experimental plots per treatmestBE.
z
Z 61 Table 2. Total N added to the soil over the first year of experiment
23 (the first three N additions: January, April and August 2007) and the
0 soil inorganic N concentrations in relation to the control determined
May-07 Aug-07 Nov-07 Feb-08 May-08 in autumn (measured N) according to the N treatments (40 A, 40 AN
and 80 AN).
Fig. 1. Mean monthly temperature (grey), total monthly precipi- N Total N added Measured N
tation (black) and time of N additions (arrows) and soil sampling N addition (g g b Lggb)
(asterisks) from May 2007 to May 200&). Soil inorganic N
(b), nitrate(c) and ammoniun{d) concentrations according to the 40A 20 11+2 =
distinct N additions (Control, 40 A, 40 AN, and 80 AN). Different 40 AN 20 22+6 ns
letters refer to statistically significant differences between the be- 80 AN 40 3210 ns

tween treatments (ANOVA < 0.05 followed by a Bonferroni test).
There were no significant interactions between treatment and time Refers to significant differences between total N added and measured N (t-student
(p <0.01). Values represent the mears(3 experimental plots per 7 < 0.01). Values represent the mearr@3 experimental plots per treatmesipE.
treatment=SE.

40A had 2.9mg more N per gram of litter than the con-
3.3 Components of soil inorganic N concentration trol (data not shown), which corresponded to an addition
in autumn of 3.5ugNgtsoil (Fig. 4). Similarly, litter produced in
40 AN and 80 AN corresponded to the addition of 3.1 and
To understand why soil inorganic N concentration was high-6.4 ug N g soil. When the three possible components of
est in autumn, the possible components of this N pool werghe autumn soil inorganic N concentration were combined as
assessed: inorganic N present in the soil in the previouscalculated N”, there were no significant differences between
season ([N] summer), the subsequent N addition ([N] ad-this and the “measured N”.
dition) and the N present in the litter which was shed dur-
ing the summer ([N] litter — see materials and methods).
The N contained inC. ladanifer leaf litter produced in
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0 . > . P = measured N” (dashed columns) concentrations of soil inorganic N
Control 40A 40AN 80AN in autumn and according to the N additions (40 A, 40 AN and 80 AN

—b). There were no significant differences between “calculated N”

. . . and “measured N” (t-studept< 0.001). Values represent the mean
Fig. 3. C and N concentrations and the C/N ratio of leaves and Ieaf(n = 3 experimental plots per treatmetSE.

litter of C. ladaniferin response to the distinct N additions (Control,

40 A, 40 AN and 80 AN). Different letters refers to statistically sig-

nificant differences between treatments (ANO}A: 0.05 followed

by a Bonferroni test). Symbols and values represent the meag ( due to soil erosion (&pez-Bernidez and Gaiia-Gomez,

experimental plots per treatmentSE. 2006). Soil acidification (Table 1) is among the most com-
monly reported effects of N enrichment and may result from
cation loss, aluminium release and nitrification. Although

4 Discussion soils at the experimental site were slightly acidic, nitrification
occurred since N© was the predominant N source present

4.1 Short-term response of a Mediterranean soil to in the soil, even in the treatments where N was added gs NH
N enrichment (Fig. 1). However, soil acidification tends to be less intense

in soils of the Mediterranean Basin than in other ecosystems,
Soil fertility of the Mediterranean Basin is considered to due to their high cation exchange capacity and alkaline sands
be moderate to high within Mediterranean-type ecosystem&lown in from North Africa (Ochoa-Hueso et al., 2011).
(Cowling et al., 1996). However, soils at the experimen- Many studies of soil inorganic N availability have sampled
tal site (Table 1) had lower N concentration than those re-soils in spring, when water and temperature do not limit bi-
ported in other studies in the Mediterranean Basin (e.gological activities (Fig. 1a), and conditions are optimal for
>0.16 %, Gallardo et al., 2006;0.4 %, Ferran et al., 2005; plant growth, leading to the conclusion that values obtained
>0.2%, Sardans et al., 2008;0.2%, Rutigliano et al., could be used as indicators of the system’s N availability.
2009). The level of extractable P was low in comparison However, comparison of soil inorganic N concentrations de-
with other Mediterranean Basin soils {2 ugg?, Dumon-  termined in the two consecutive springs (2007 and 2008)
tet et al., 19967 pgg L, Carreira et al., 19977 ugg?, showed no differences between treatments or between years
Ferran et al., 2005-30 ug g 1, Saura-Mas et al., 2009) but (Fig. 1b) thus constituting a baseline of inorganic N avail-
comparable with those from Australian and South African ability for the ecosystem. This may imply that the N added
Mediterranean-type ecosystems (Milewski, 1983; Mitchell to the system was either lost (NQeaching, runoff, Nlj‘
et al., 1984; Hobbs, 1995). Soil organic matter values werevolatilization, denitrification) or incorporated in the biota
within the range observed in other Mediterranean Basin soil{microbial community and vegetation). If most of the added
(Pdiuelas et al., 1999; Gallardo et al., 2000; Cruz et al.,N had been lost from the system, the peak of soil inorganic
2008) but so low that these soils are at risk of desertificationN observed in autumn (Fig. 1b) should only reflect (if at all)
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the previous N addition (summer 2007). However, the ob-reabsorbing nutrients from old leaves (Craine, 2009), depriv-
served increase in soil inorganic N in autumn was relatedng the litter of N and giving rise to high C/N ratios in the
not only to the previous N addition, but also with the “total litter (litter from control plots — Fig. 3c). As the N limitation

N added” at that sampling time (Table 2). The mild tem- was alleviated by the N additions, the N resorption efficiency
peratures and the adequate water availability (Fig. 1a) mayrom the old leaves may have decreased (Kobe et al., 2005),
have stimulated the decomposition of the large litter inputresulting in increased N concentration in the litter (Fig. 3b),
derived from the leaf shedding of summer semi deciduous.e. improved litter quality (Witkowski, 1989; O’'Connel and
plants (Correia, 1988) and the death of annual plants in thé&rove, 1993; Vourlitis et al., 2009). The overall N-driven
summer. In fact, N mineralization has been shown to peakesponse of leaf and litter N concentrations and the C/N ra-
in early autumn in Mediterranean magquis soils (Rutiglianotio was similar to that observed in two other Mediterranean-
et al., 2009; Sirdes et al., 2009). Thus, the reduced bio- type ecosystems with different plant communities: one dom-
logical activity in the summer that allowed inorganic N to inated by summer semi deciduous (coastal sage scrub), the
accumulate, combined with the summer N fertilization and other by evergreen sclerophylls (chaparral — Vourlitis et al.,
the high autumn N mineralization (Rutigliano et al., 2009), 2007; Vourlitis and Pasquini, 2009). Therefore, litter N con-
all appear to contribute to the peak of soil inorganic N in centration should be a good indicator of the N availability in
autumn (Fig. 4). The inorganic N concentrations detectedMediterranean-type ecosystems.

in the soil in autumn suggest that the ecosystem was more

efficient in retaining N-NHNO3 than solely N‘N"I- This 4.3 N cycling through biotic and abiotic compartments
shows that although undetectable as soil inorganic N alon ) ) o ) )

the year, most of the added N was used and conserved in th melned analysis of the. soil inorganic N cqncentratlons
system as would be expected in a nutrient limited ecosystert™9- 1) and the changes in the N concentration (and C/N

(Craine, 2009). These results clearly show that early autumftio) of C. ladaniferleaves and litter (Fig. 3) suggest that
is the best time of the year to measure soil inorganic N adinder these Mediterranean conditions, the N cycling through

an indicator of the N fluxes between the biotic and abiotic Pi°tic and abiotic compartments allowed soil inorganic N to
compartments. The N incorporation into the biotic compart-"€flect cumulative N additions in autumn (Fig. 1b). This sug-
ments is in agreement with the fast responses of the ecosydeSts that the N added to the system is rapidly taken up by

tem structure and function to increased N availability (Dias 1€ biota and itis only after leaf shedding in summer and lit-
et al., 2011). If a large fraction of the N added to the syS_ter decomposition in autumn that the added N is detectable

tem is moving through the biotic and abiotic compartments-

in the soil. The fact that there were no differences between
of the ecosystem, then large impacts on ecosystem processHt SOil inorganic N in 40 AN and 80 AN plots and the re-
can be expected (e.g. Emmett, 2007; Bobbink et al.,

2010). spective total N added (Table 2) can only be explained by
efficient internal cycling of the previously added N within
4.2  Short-term response of the plant community to the ecosystem. If the soil sampling had occurred in late au-
N additions tumn it is likely that the peak in soil inorganic N availability
would be missed, since the N concentratiorCinladanifer

The cover ofC. ladanifer (a slow growing conservative litter increases through the autumn and winter @setal., -
species) (Dias et al., 2011) increased under all treatments ex2009). The retention of N by litter has also been shown in
cept 80 AN (Fig. 2). In nutrient limited ecosystems, N addi- other Medlterr.anean communities (e.g. Fioretto et al., 2005;
tions tend to induce changes in the plant community promot-Holub and Lajtha, 2004), and could help explain the sharp
ing a decrease in the plant cover of the slow growing specie&l€cline in soil inorganic N availability in winter (Fig. 1b).
and an increase in that of the fast growing species. An inverse relationship between litter C/N ratio and de-
Under conditions of nutrient limitation, the efficiency of OMPposition rate (Bosatta and Staaf, 1982; Taylor et al.,
a plant using limiting nutrients depends not only on the up-1989) has glsp been established for Medlterranean plant
take efficiency but also on the retention time (Emmett, 2007) SPecies (Rutigliano et al., 2009), so that the N-driven lower
Accordingly, the N-driven response of the N concentration intt€r C/N ratio (Fig. 3c) may have stimulated decomposi-

C. ladanifefs leaves points to this species’ efficient N uptake tion. Also, the decomposition of higher quality litter has been

(Fig. 3b) and was in agreement with the use of plant tissuesNOWn to result in a rapic2 months) increase of inorganic

N concentration as a N accumulation indicator (Sutton et al.N (Siruinik etal., 2007). Litter decomposition, together with

2005). However, if plants were only N limited, the extra N the soil inorganic N concentration in the summer and the fol-
would have beer; used to produce biomass so'that the N corlowing N addition contributed to the observed autumn inor-
tent would have increased but not the N concentration. Thus32nic N (Fig. 4), explaining the inorganic N concentrations
increased leaf N concentration together with decreased soff'€@sured in autumn. Litter decomposition may be an impor-
P concentration (Table 1) may indicate N and P co-limitation t&nt component of the soil inorganic N measured in autumn.
(Bishop et al., 2010). On the other hand, plants characData suggest that living plants and litter have a crucial role

teristic of nutrient-poor ecosystems have efficient ways ofin Preventing N losses from Mediterranean maquis.
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5 Conclusions Brooks, P. D., Williams, M. W., and Schmidt, S. K.: Inorganic ni-
trogen and microbial biomass dynamics before and during spring
The results of this study suggest that most of the added snowmelt, Biogeochemistry, 43, 1-15, 1998.
inorganic N was retained in this N-limited Mediterranean Carreira, J. A., Lajtha, K., and Niell, F. X.: Phosphorus transforma-
maquis, affecting its structure and function. Also, the form tions along a soil/vegetation series of fire-prone, dolomitic, semi-
of the added N influenced the overall N retention during the arid shrublands of southern Spain, Biogeochemistry, 39, 87-120,
study period: Nlj[L additions resulted in lower N recovery 1997. _
from the soil than the additions of N#MOs. The added N ©@Ssman. K. G., Dobermann, A., Walters, D. T., and Yang, H.:
. . o . Meeting cereal demand while protecting natural resources and
was retained in the biotic compartment during the growth

: . improving environmental quality, Annu. Rev. Env. Resour., 28,
season, then returned to the soil after the dry period through 312—3589 2003. quaity

litter decomposition (autumn). The data highlight the sen-correia, 0. A.: Contribuigo da fenologia e ecofisiologia em estu-
sitivity of Mediterranean Basin ecosystems, which consti-  dos da suce&s e diimica da vegetép mediterainica, PhD the-
tute an important worldwide biodiversity hotspot, to N de- sis, Dep. de Biol. Veget., Universidade de Lisboa, Lisboa, Portu-
position. Thus, the present N-manipulation study points to gal, 1988 (in Portuguese).
the role of N availability as a driving force for biodiversity Correia, O. A. and Catarino, F. M.: Seasonal changes in soil-to-leaf
changes, especially in Natura 2000 sites such as this manip- resistance irCistussp. andPistacea lentiscysActa Oecol., 15,
ulation site. However, caution should be used when extrap- 289-300, 1994.
olating data to other Mediterranean-type ecosystems, Whicr(FOX"_'”g' R. M., ?ﬂ”_”dsll' P. :jN L""_mo_“t"v?'ds” Arroyo, MI: K., and
may differ in soil fertility, and even to other Mediterranean rianoutsou, M.: Plant diversity in Mediterranean-climate re-

. . . . . . gions, Tree, 11, 362—-366, 1996.
habitats that differ in plant community. Finally, this is the : ) . . : :
fi . d field dv of h E Medi Craine, J. M.: Resource strategies of wild plants, Princeton Univer-
irst integrate ie stu ly of how European Me iterranean sity Press, Princeton and Oxford, 2009.
ecosystems retain N enrichment of different forms and dosesgyy, ¢. and Martins-Lotp, M. A.: Nitrogen in a sustainable en-
hOWEVer longer-term StU.dies are needed to explore the gen- vironment: a matter of integration, in: Nitrogen in a sustainable
erality of these observations. ecosystem, edited by: Martins-Ldam, M. A. and Lips, S. H.,

_ ~ Backhuys, The Netherlands, 415-419, 2000.
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