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Abstract

During three consecutive years with contrasting precipitation, we analysed the relationship between strategies of
N conservation in the dominant plant functional groups (perennial grasses and evergreen shrubs) of the Patagonian
Monte and the main components of N cycling in soil. We hypothesised that the different patterns of N conservation
in perennial grasses and evergreen shrubs would have direct consequences for soil-N, inorganic-N release and
microbial-N flush in soil. In autumn and late spring of 1999, 2000, and 2001, we assessed N and C concentration
in green and senesced leaves, N-resorption efficiency and C/N ratio in senesced leaves of three dominant species of
each plant functional group. In the soil associated with species of each plant functional group, we determined N and
C concentration, potential-N mineralisation, and the associated microbial-N flush. Slow-growing evergreen shrubs
exhibited low N-concentration in green leaves, high N-concentration in senesced leaves and low N-resorption
from senescing leaves. In contrast, fast-growing perennial grasses showed high N-concentration in green leaves,
low N-concentration in senesced leaves, and high N-resorption from senescing leaves. In evergreen shrubs, the
maintenance of long-lasting green leaves with low N-concentration was the most important mechanism of N
conservation. In contrast, perennial grasses conserved N through high N-resorption from senescing leaves. Soil-
N concentration, potential N-mineralisation, and microbial-N flush in the soil were higher underneath evergreen
shrubs than beneath perennial grasses. Observed differences, however, were lower than expected considering the
quality of the organic matter supplied by each plant fuctional group to the soil. A possible reason for this relatively
weak trend may be the capacity of evergreen shrubs to slow down N cycling through low leaf turnover and the
presence of secondary compounds in leaves. Alternatively or simultaneously, the weak relationship between plant
and soil N could result from shrubs being able to colonise N-poor soils while grasses may preferably occupy
fertile microsites previously influenced by the decomposition pathway of evergreen shrubs. Differences between
evergreen shrubs and perennial grasses in the mechanisms of plant N-conservation and in components of N cycling
in the underlying soil were consistent over the three years of the study with differing precipitation. Inter-annual
differences in N concentration in green leaves and in the microbial-N flush in soil indicate that during the wettest
year fast-growing perennial grasses would outcompete slow-growing evergreen shrubs and microorganisms for N
uptake.

Introduction

Nitrogen is one of the most limiting nutrients in arid
* FAX No: +54-2965-451543. E-mail: unanalia@cenpat.edu.ar ecosystems (Skujins, 1981) and N availability in soil
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is strongly coupled with the quantity and quality of
litterfall along with the decomposition/mineralisation
pathway controlled by the erratic water inputs (Aerts,
1996; Binkley, 1994; Bloemhof and Berendse, 1995;
Martin and Aber, 1997; Vinton and Burke, 1995; Vit-
ousek et al., 1982). Leaf lifespan and N resorption
from senescing leaves are strongly related to litter pro-
duction and decomposability, respectively. Nitrogen
resorption from senescing leaves is usually expressed
as the proportion of N reduction in senesced leaves
as compared to green leaves or by the N concentra-
tion in senesced leaves (N-resorption efficiency and
N-resorption proficiency, respectively, sensu Killing-
beck, 1996). Strong mechanisms of N resorption in
plants are often associated with N-poor litter, low N-
mineralisation rates, low-N availability in soil, and
high-N retention in microbial biomass (Aerts, 1996,
1999; Aerts and Van der Peijl, 1993; Bloemhof
and Berendse, 1995; Eckstein et al., 1998; Lambers
et al., 1998; Mazzarino et al., 1998b; Schlesinger,
1991; Wedin and Tilman, 1990). In contrast N non-
reabsorbed from senescing leaves may circulate in the
ecosystem through litterfall and subsequent decom-
position processes (Aerts, 1996; Hooper and Vitousek,
1998; Lambers et al., 1998; Wedin and Tilman, 1990).
However, rapid decomposability and mineralisation
of N-rich litter may not always be associated with
high-N availability in soil since losses of mineralised-
N by denitrification and leaching may also be high
(Schlesinger, 1991). Despite such evidence, the re-
lationship between mechanisms of N-conservation in
plants (i.e. high N-resorption, long leaf lifespan,
low N-concentration in green leaves) and N-fertility
and related soil processes (i.e. N-concentration, N-
mineralisation or N-microbial biomass) remain un-
certain (Aerts, 1996; Aerts and Chapin III, 2000;
Lambers et al., 1998; Vinton and Burke, 1995). Since
many arid ecosystems undergo significant changes in
species composition following man induced disturb-
ance (Bertiller and Bisigato, 1998; Schlesinger, 1996),
the identification of plant controls on N pools and
N cycling is an essential step in understanding their
functioning (Vinton and Burke, 1995).

As in other arid ecosystems, the vegetation in the
Patagonian Monte presents a patchy structure that in-
duces islands of soil fertility (Bertiller et al., 2002;
Garcia-Moya and McKell, 1970; Thori et al., 1995;
Mazzarino et al., 1998a; Rostagno et al., 1991; Vin-
ton and Burke, 1995). Patches are dominated by two
plant functional groups: perennial grasses and ever-
green shrubs. Previous studies have indicated that

perennial grasses and evergreen shrubs exhibit quite
different mechanisms of N-conservation. Evergreen
shrubs showed lower N-resorption from senescing
leaves, lower N-concentration in green leaves, higher
N-concentration in senesced leaves, lower C/N ratio
in senesced leaves, and lower leaf turn over than per-
ennial grasses (Carrera et al., 2000; Mazzarino and
Bertiller, 1999; Mazzarino et al., 1998b).

We hypothesised that the differential patterns of
N-conservation between perennial grasses and ever-
green shrubs would have direct consequences in soil-
N, inorganic-N release and the microbial-N flush in
soil. We predicted: (1) higher soil-N concentration and
potential N-mineralisation beneath shrubs than un-
derneath perennial grasses and (2) lower microbial-N
flush beneath shrubs than under grasses.

Materials and methods

Study area

The study area is located in northeastern Patagonia
(Argentina), 40 km west of Puerto Madryn (42° 39’ S,
65° 23’ W, 115 m a.s.). Mean annual temperature is
13.7°C (15 year series) and mean annual precipitation
is 188 mm (Bertiller, 1998). Both Typic Petrocalcids
and Typic Haplocalcids soils are present in the area
(del Valle, 1998; Soil Survey Staff, 1998). Large do-
mestic herbivores were excluded for a period of 7
years from the study area of about 2 ha. Vegetation
of the study site is representative of the shrubland of
Larrea divaricata Cav. and Stipa spp., characteristic
of the southern portion of the Monte Phytogeographic
Province (Cabrera, 1976; Soriano, 1950). Evergreen
shrubs and perennial grasses dominate the plant can-
opy, covering between 40 and 60% of the soil. Plant
cover presents a random patchy structure consisting
of large patches formed by shrub clumps encircled by
perennial grasses, incipient plant patches composed by
one shrub encircled by perennial grasses, and isolated
individuals of grasses or dwarf shrubs colonizing bare
soil areas (Bisigato and Bertiller, 1997; Mazzarino et
al., 1996). Sampling was carried out during three con-
secutive years (1999-2001) with contrasting rainfall.
Precipitation was recorded by a weather station loc-
ated in the study site. Annual precipitation amounts
were 358 mm, 208 mm, 278 mm, in 1999, 2000, 2001,
respectively.



Plant attributes

At each sampling date (June and December 1999-
2001), we randomly selected five individuals of
each dominant evergreen shrub (Junellia seriphioides
(Gilles and Hook) Moldenke, Larrea divaricata Cav.,
and Atriplex lampa Gill. ex Moq.), and five indi-
viduals of each dominant perennial grass (Stipa tenuis
Phil., Stipa speciosa Trin. and Rupr., and Poa ligu-
laris Nees ex Steud.). The vegetative growing period
occurs during autumn in perennial grasses and during
spring in evergreen shrubs while senescence occurs
in both plant groups during summer drought (Bertil-
ler et al., 1991). Evergreen shrubs have lower leaf
turnover than perennial grasses (Carrera et al., 2000)
but shedding of leaves mostly occurs inmediatly after
senescence while in perennial grasses senesced leaves
may stay attached to the plant during several years
(Defossé et al., 1990). We harvested four branches
from each evergreen shrub and all the aboveground
biomass from each perennial grass. Recently sen-
esced leaves (yellow-brown leaves without signs of
deterioration) were separated from each evergreen
shrub branch or perennial grass individual at June and
December. Fully expanded green leaves were only
collected during the vegetative period of each plant
group (June for grasses and December for shrubs). In
this way, we sampled green and senesced leaves from
about the same age for both plant groups thus avoid-
ing eventual variation in N concentration of leaves
between plant groups due to age. After sampling, both
green and senesced leaves were dried at 60°C for
48 h, weighed and analysed for their N-concentration
by semi-micro Kjeldahl (Coombs et al., 1985). Ni-
trogen concentration in senesced leaves was used as
an indicator of N-resorption proficiency (Killingbeck,
1996). Nitrogen-resorption efficiency (Killingbeck,
1996) was calculated as follows:

N-resorption efficiency (%) =
((Ng—Ns) / Ng) * 100,

where Ny is the concentration of N in green leaves and
N is the concentration of N in senesced leaves. We
measured organic C-concentration in senesced leaves
by dry digestion at 550 °C (Schlesinger and Hasey,
1981).

Soil attributes

At each sampling date, soils underneath each har-
vested plant were sampled with a metallic tube (10
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cm height and 10 cm in diameter). One soil sub-
sample was air-dried, sieved to 0.5 mm and ana-
lysed for soil-N concentration by semi-micro Kjeldahl
(Bremmer and Mulvaney, 1982) and for soil organic
C-concentration by wet combustion (Nelson and Som-
mers, 1982). The rest of the soil was sieved to 2 mm
and a sub-sample incubated at 25 °C and at 15% soil
moisture for 42 days for the estimation of the potential
N-mineralisation. After incubation, soil samples were
extracted with 2 M KCl (1:5 sample: solution ratio)
and analysed for N-NH4* and N-NO3 ™. N-NH4* was
determined by the indophenol-blue method using the
‘Uremia kit of Wiener Lab. and N-NO3 ™ by copper-
ised Cd reduction (Keeney and Nelson, 1982). The
other sub-sample was used to estimate the potential
microbial-N flush by a modification of the chloro-
form fumigation-incubation technique (Vitousek and
Matson, 1985). Microbial-N flush (F,) is defined as
the flush of NH4T due to fumigation (Horwarth and
Paul, 1994). After 10 days of soil incubation at 15%
soil moisture at 25°C, 1 mL of chloroform was ad-
ded directly to each soil sample. Samples were then
stirred, left in sealed beakers for 20 h, and incub-
ated for a further 10 days. Samples were extracted
with 2M KCI (1:5 soil: solution ratio) and analysed
colorimetrically for N-NH4 " (Mazzarino et al., 1991,
1996). No attempt was made to express the microbial-
N flush in terms of microbial biomass, since reported
values of recovery factor are extremely variable (ky =
0.41-0.68) depending on the N content of soil microor-
ganisms (Mazzarino et at., 1998a). Both, potential
N-mineralisation and the microbial-N flush were ex-
pressed according to oven-dried (105 °C) soil weight.

The significance of the differences in plant and soil
parameters between plant functional groups and years
was evaluated by multifactorial ANOVA (Norusis,
1997). Tukey’s test was used for multiple compar-
isons (Norusis, 1997). Variable transformation was
performed if needed in order to meet the assumptions
of the analysis of variance (Sokal and Rohlf, 1981).
The relationships between plant and soil variables
were described by regression analysis. We selected
the best least squares fit between a linear and a non-
linear saturation function depending on the shape of
the variable response (Norusis, 1997).



598

W 1999 002000 02001 M 1999 02000 02001
A B 15 Al B
25 a o
8 - b b o =
5 220 b b g E a 2
g — | T I S ‘Sten a
- z 210 s
e 8 1c = ©
g =215 = -
S "o £ oo
£ o = W
§ E 10 § <5 a , A
7] b~ e o
5§ . g &
S = 5 5 3
7 2 S =
0 < 0
Evergreen shrubs ~ Perennial grasses Evergreen shrubs Perennial grasses
Plant functional group Plant functional group

(@ (b)

1999 02000 O2001 % W 1999 002000 82001

A B z 500 A B
100 2
= P = a
< a a 9 - a a
> b z <
g 75 £ 40 a a @
3 RN
= s &
% b = 2400
E a R

= £ az
g 25 g —350
g E
% 8
0 S 307
Evergreen shrubs Perennial grasses Evergreen shrubs Perennial grasses

Plant functional group Plant functional group

© (d)

W 1999 012000 E2001
200 A B

150 i

100

50 a a a

0 -

Evergreenshrubs ~ Perennial grasses
Plant functional group

©)

Figure 1. Mean values of: (a) N concentration in green leaves (mg gfldry mass), (b) N concentration in senesced leaves (mg g*1 dry mass),
(c) N-resorption efficiency (%), (d) C concentration in senesced leaves (mg gfldry mass), and (e) C/N ratio in senesced leaves of evergreen
shrubs and perennial grasses in different years. Different capital letters indicate significant differences among plant functional groups. Different
lowercase letters indicate significant differences among years within each plant functional group. Vertical lines indicate 1 Standard error.

C/N ratio in senesced leaves




Results

Plant attributes

The N-concentration in green leaves (Figure 1a) was
significantly lower in evergreen shrubs than in peren-
nial grasses (F1,130 = 41.94, P < 0.01) and varied
among years depending on the plant functional group
(significant interaction between year and plant func-
tional group, F» 130 = 3.88, P = 0.02). In perennial
grasses, the N-concentration in green leaves was sig-
nificantly higher in 1999 than in 2000 and 2001 while
the reverse was observed in evergreen shrubs. The N-
concentration in senesced leaves (Figure 1b) was sig-
nificantly higher in evergreen shrubs than in perennial
grasses (F1,180 = 471.15, P < 0.01) and did not vary
among years (F2,130 = 0.15, P = 0.87). Nitrogen-
resorption efficiency (Figure 1c) differed significantly
between plant functional groups (evergreen shrubs <
perennial grasses, F1 180 = 34.68, P = 0.03) and var-
ied significantly among years depending on the plant
functional group (significant interaction between plant
functional group and year, F> 180= 13.51, P< 0.01).
Perennial grasses showed higher N-resorption effi-
ciency in 1999 than in 2000 and 2001 while the reverse
occurred in evergreen shrubs. The C-concentration
and C/N ratio in senesced leaves (Figures 1d and
le, respectively) were significantly lower in evergreen
shrubs than in perennial grasses (F1,180 = 53.14, P =
0.02, and Fj 180 = 163.00, P < 0.01, respectively)
and did not vary among years (f2,130 = 1.09, P =
0.48, and F» 180 = 1.21, P = 0.45, respectively).

Soil attributes

Soil N (Figure 2a) and organic C (Figure 2b) con-
centration were higher under evergreen shrubs than
beneath perennial grasses (Fj 180 = 21.57, P = 0.04
and Fq,180 = 11.93, P < 0.01, respectively), how-
ever there were no differences in soil-N and organic-C
concentration among years (F2130 = 0.66, P =
0.60 and Fi 130 = 4.70, P = 0.18, respectively).
Potential N-mineralisation in soil (Figure 2c) was
higher underneath evergreen shrubs than under peren-
nial grasses (F1,178 = 56.36, P = 0.02) and did not
vary among years (F2 178 = 7.69, P = 0.12). The
microbial-N flush (Figure 2d) was higher under ever-
green shrubs than beneath perennial grasses (F1,180 =
130.47, P<0.01) and varied significantly among years
(F2,180 = 330.58, P<0.01), being lower in 1999 than
in the other two years.
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Relationship among plant and soil attributes

The C/N ratio in senesced leaves explained only 12%
of the variation in soil-N concentration (Fig9 = 24.82,
P < 0.01, Table 1a). Nitrogen concentration in sen-
esced leaves and N-resorption efficiency explained 5%
(positively linear correlated) and 6% (negatively linear
correlated) of the total soil N variance, respectively
(Fig0 = 10.5, P < 0.01, and Fy9 = 6.2, P =
0.02, respectively, Table 1b and 1c). Nitrogen and C
concentration in senesced leaves were related to the
potential N-mineralisation, explaining 17% of the total
variance (Table 2). The microbial-N flush was not sig-
nificantly (P > 0.05) related to C/N ratio in senesced
leaves. Nitrogen concentration in soil was positively
correlated to the microbial-N flush, explaining 16%
of the total variance (Table 3). Soil-N concentration
and microbial-N flush accounted for 83% of the total
variation of potential N-mineralisation (Table 4).

Discussion

Our results indicate that evergreen shrubs in the Pa-
tagonian Monte reduce their nutrient losses mainly
by long lifespan of leaves and low nutrient concen-
tration in green tissues rather than by a high nutrient
resorption from senescing leaves. Low N-resorption
in evergreen shrubs leads to the production of N-
rich litter that contributes to increase N concentration
in the underlying soil. This contrasts with results of
other studies reporting that slow-growing species tend
to depress nitrogen cycling through the production
of N-poor litter (Aerts and Chapin III, 2000; Craw-
ley, 1998). Since evergreen shrubs usually colonize
nutrient-poorer habitats than those of perennial grasses
(Bertiller and Bisigato, 1998; Bisigato and Bertiller,
1997, 1999), our findings would support the hypo-
thesis that high nutrient retention rather than high
nitrogen use efficiency would be selected in nutrient-
poor habitats (Aerts and Chapin III, 2000).

We also found that differences in mechanisms of
N conservation between evergreen shrubs and per-
ennial grasses persisted over several years with dif-
ferent annual precipitation. Moreover, differences in
N-concentration in green leaves between perennial
grasses and evergreen shrubs increased in the wettest
year (358 mm) in comparison with the other years
(208 mm and 278 mm). A possible explanation for
this inter-annual variation is that fast-growing per-
ennial grasses are more sensitive than slow-growing
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Figure 2. Mean values of: (a) N concentration (mg g*1 dry soil), (b) organic-C concentration (mg gfl dry soil), (c) potential N-mineralisation
(mg g_1 dry soil), and (d) microbial-N flush (mg g_1 dry soil) in the soil associated with evergreen shrubs and perennial grasses in different
years. Different capital letters indicate significant differences among plant functional groups. Different lowercase letters indicate significant
differences among years within each plant functional group. Vertical lines indicate 1 Standard error.

evergreen shrubs to changing water inputs and N avail-
ability (Bertiller et al., 1991) and can respond more
quickly. Mazzarino et al. (1998a) found that soil-N
availability increases during wet years. This may res-
ult in fast growth of perennial grasses that would out-
compete evergreen shrubs for capture of N from soil
(Bertiller et al., 1991; Sala et al., 1989). Such negative
interaction of perennial grasses with evergreen shrubs
would be reflected in the reduction of N-concentration
in green leaves of evergreen shrubs and in the lack
of ‘luxury uptake’ in this plant group, contrasting
with results reported for other slow-growing species
(Crawley, 1998; Garnier, 1998).

In accordance with Killingbeck (1996), our
results indicate that N-resorption proficiency (N-
concentration in senesced leaves) seems to be an ad-
equate indicator of the inherent resorption ability of

species since it did not depend on climatic variation. In
contrast, the variation of N-resorption efficiency was
coupled with the variation in N concentration in green
leaves induced by water and N availability. Thus, in
evergreen shrubs, N-resorption efficiency was lower
in the wettest year than in the two other years and the
reverse occurred with perennial grasses. In other spe-
cies with low nutrient resorption, it has been reported
that N resorption was reduced with decreasing water
availability (Lambers et al., 1998). This might have
passed unnoticed in our three-year study during which
the annual precipitation was higher than the long-term
annual average for the area (188 mm).

According to prediction 1, soil-N concentration,
and potential N-mineralisation in the soil were higher
underneath evergreen shrubs than beneath perennial
grasses. Observed differences, however, were lower
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Table 1. Simple regression analysis between soil N-concentration (dependent variable) and (a) C/N ratio in senesced leaves, (b) N concen-
tration in senesced leaves and (c) N-resorption efficiency (independent variables). (i) ANOVA of simple regression and (ii) fitted parameter
values

(i) Analysis of variance (ii) Parameter estimates
Source df MS F P R?  Curve fitted Variable entered Regression coefficient t P

(a) Dependent variable: Soil-N concentration vs. C/N ratio in senesced leaves (independent variable)

Regression 1 0.49 2460 <0.01 0.12 Inverse Constant 0.47 20.16 <0.01
Residual 178 0.02 C/N ratio in senesced 6.11 496 <0.01
Total 179 leaves

(b) Dependent variable: Soil-N concentration vs. N concentration in senesced leaves (independent variable)

Regression 1 0.22 10.16 <0.01 0.05 Linear Constant 0.50 3.19 <0.01
Residual 178 0.02 N in senesced leaves 0.01 20.89 <0.01
Total 179

(c) Dependent variable: Soil-N concentration vs. N-resorption efficiency (independent variable)

Regression 1 0.13 6.19 =0.02 0.06 Linear Constant 0.65 17.89 <0.01
Residual 88 2.1x1072 N-resorption efficiency ~1.4x1073 -2.49 =0.02
Total 89

Table 2. Multiple regression analysis between potential N-mineralisation (dependent variable) and N and C concentration in senesced
leaves (independent variables). (i) ANOVA of multiple regression and (ii) fitted parameter values

Dependent variable: Potential N-mineralisation

(i) Analysis of variance (ii) Parameter estimates
Variable entered  Source df MS F P R? Variable entered Regression coefficient t P
Step I  Cin senesced Regression 1 67x1073 2395 <0.01 0.13 Constant 0.11 6.99 <0.01
leaves Residual 178 2.8x1074 C in senesced leaves —1.7x1074 -4.89 <0.01
Total 179
Step2 N in senesced Regression 2 45x1073 16.88 <0.01 0.17 Constant 8.9x1072 552 <0.01
leaves Residual 177 2.7x10™4 C in senesced leaves ~1.5x1074 -4.20 <0.01
Total 179 N in senesced 1.1x1073 2.95 <0.01
leaves

Table 3. Simple regression analysis between microbial-N flush (dependent variable) and soil N-concentration (independent variable).
(1) ANOVA of simple regression and (ii) fitted parameter values

Dependent variable: microbial N-flush vs. so0il-N concentration

(i) Analysis of variance (ii) Parameter estimates
Source df MS F P R?  Curve fitted Variable entered Regression coefficient ¢ P
Regression 1 25x1073 32.87 <0.01 0.16 Linear Constant 9.7x1073 3.83 <0.01
Residual 178 7.5x107° Soil-N 2.5%x1072 573 <0.01
Total 179
than expected considering the quality of the organic consist in the eventual capacity of evergreen shrubs
matter supplied by each plant functional group to to slow down N-cycling through low leaf turnover

the soil. A possible reason for this weak trend may (Carrera et al., 2000) and the presence of second-
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Table 4. Multiple regression analysis between potential N-mineralisation (dependent variable) and soil-N concentration and
microbial-N flush (independent variables). (i) ANOVA of multiple regression and (ii) fitted parameter values

Dependent variable: Potential N-mineralisation
(i) Analysis of variance

(ii) Parameter estimates

Variable entered Source df MS F P R? Variable entered Regression coefficient ¢ P
Step 1 Soil-N Regression 1 0.18  656.2 <0.01 0.81 Constant not
Residual 176 2.7x10™4 significant
Total 177 Soil-N 5.7x1072 25.6 <0.01
Step 2 Microbial-N Regression 2 0.09 373.8 <0.01 0.83 Constant not
flush Residual 175 2.5x10™4 significant
Total 177 Soil-N 3.3x1072 5.5 <0.01
Microbial-N flush 0.6 4.3 <0.01

ary compounds in leaves such as lignin, terpenoids
or phenolics (Aerts and Chapin III, 2000; Harborne,
1998; Mazzarino et al., 1998b). Low leaf turnover in
evergreen shrubs, however, may eventually be com-
pensated with a rapid shedding of senesced leaves
relative to perennial grasses in which senesced leaves
may stay attached to the plant during several years
(Defossé et al., 1990). Secondary compounds in leaves
may lead to low litter decomposability but also to pre-
cipitation of proteins reducing N-resorption and N-use
efficiency (Aerts and Chapin III, 2000; Chapin III and
Kedrowski, 1983; del Valle and Rosell, 1999). High
concentration of secondary compounds in plant tissues
has been directly related to low productive species
(Aerts and Chapin III, 2000) and has been reported
for evergreen shrubs of Patagonia and the Patago-
nian Monte (Correa, 1971; Mazzarino et al., 1998b).
Alternatively or simultaneously, the lack of strong dif-
ferences in N-concentration between soils underneath
perennial grasses and evergreen shrubs could be also
related to the past history of the soil that each plant
group is able to colonise. Perennial grasses, due to
their inherent mesophytic traits (i.e high N concentra-
tion in green leaves, and high growth rates), would
be more dependent on decomposition pathway and
soil N-availability and would be more restricted to
colonising nutrient-rich microhabitats than evergreen
shrubs. Preliminary results in the Patagonian Monte
indicate that perennial grasses establish more suc-
cessfully in fertile micro-habitats neighbouring shrub
patches than in unfertile inter-patch soil (Bisigato and
Bertiller, 1999, pers. comm.).

In contrast with prediction 2, the microbial-N flush
in soil was higher underneath evergreen shrubs than

beneath perennial grasses and was strongly positively
correlated to potential N-mineralisation. This implies
an important mechanism to avoid N-losses by leach-
ing or denitrification and to conserve N in a labile and
readily mineralisable form in the soil underneath ever-
green shrubs. In arid and semiarid environments, mi-
crobial mortality during dry periods may account for
40% or more of the gross N-mineralisation produced
during subsequent wet periods (Bernhard-Reversat,
1982; Mazzarino et al., 1991). The microbial-N flush,
however, was reduced in wet years in the current
study. Microorganisms and roots of established plants
would compete for the mineralised N in the upper soil,
while perennial grasses would outcompete both mi-
croorganisms and evergreen shrubs for the capture of
mineralised N (Aerts and Chapin III, 2000; Lambers
et al., 1998).

Conclusions

As in other systems, N cycling in the Patagonian
Monte appears to result from complex interactions
among evergreen shrubs, perennial grasses, and bi-
otic and abiotic components of soils. Evergreen shrubs
display characteristics of plants from N-poor habitats
such as long lifespan of leaves, low growth rates, and
low N-concentration in mature green leaves. However,
they also produce N-rich litter that decomposes and
mineralises faster than that of perennial grasses, a fea-
ture that contributes to increase N concentration in the
underlying soil. Despite this, evergreen shrubs appear
to have mechanisms to slow down N-cycling and to
conserve soil-N since N concentration and N mineral-
isation in the soil underneath this plant group are lower



than expected by the quality of the organic matter that
they supply to the soil. Perennial grasses, in contrast,
exhibit high rates of growth, high N-concentration in
green leaves, and high N-resorption from senescing
leaves leading to low soil-N and low rates of N-
mineralisation. Consequently, perennial grasses would
depend on the decomposition pathway of evergreen
shrubs for their N supply. The ability of evergreen
shrubs to slow down N-cycling could be important in
preventing or reducing the establishment of the highly
competitive perennial grasses around them.
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