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ABSTRACT

Primary productien and nutrient pools in the so1i and vegetaton of a maquis
ecosystem ol norteastern Greece ure examined. The aboveground biomass of
43.5 vha™' is similar to that of other Mediterrancan-type ecosysiems. Among the
rutients examined, the ccosystem sceras to be deficient in phosphonus, since
only 0.87 kg-ha' of it are ncorporated into the soil annually, while plent untake
reaches 2.79 kg-ha!, resulting in a phosphorus deficit of about 1.9 kg-ha™,

INTRODUCTION

The circutation of nutrients in terrestrial ecosystems, and especially in forested ones, has
received increasing attention over the last decades, mostly becauvsc of questions regarding
management problems. Eqiphasis has been given 0 the nulrient return, and $o the
geotogival cvele of inputs 10, and outputs from, the ecosystems (Oviagion,.1965; Guthiic
etal, 1978, Atrwill, 1980; Rapp anct Lossaint, 1981; Schlesinger et al., 1982; Read and
Mitchell, 1983; Swank, 1934; Schlesinger, 1983).

A serics of studies by Arianoutsou and Mardiris (1987) and Artanoutsou (198%9a,b,
1993} evaluated varions aspects of nutrient cycling in 2 matwre maguis ecosystem of
northeastern Greece. Maguis ecosystems are characterized by evergreen sclerophyllons
shrubs and constitute approximatety 256 of the terrestrial ecosystems of Greece, Until
recently, maguis ecosystems were considered rather unproductive marginal jands and
were mostly used as rangelands. Typical Mediterranean-type maquis ecosystems are
oflen threatenad by fire (Arianoutspu-Foraggitaki and Macgaris, 1951, 1982) that,
together with overgraxing. causes conaiderable erosion and nutrient logs (Ariaaontsou-
Faraggiraki, 1983). For evaluating the impact of these perturbatons, knowledge of
mineral cycling is very boportant, This paper assesses the nutrient pools in the maquis
ccosystem and indicaies nutrient budgeting strategies that evergracn sclerophyllous
gcosysteins have possibly 2 solved in regponse to a habitat of Himiied mineral resources.
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MATERIALS AND METHODS

The study wasconducted at Stavros experimental site (40° 39'N, 23743'E, ca. 20 m above
sea level, 60 km NE of Thessaloniki. Greece), from 1981 10 1933, The soil, down to I m
deep. is overlying biotitic-gneiss amphibolitic metamorphic rocks. Data on soil charac-
teristics are given in Table 1.

The vegetation consists of evergreen sclerophyllous shrubs, 23 years old (authors’
unpublished data), and the climate is typical Mediterranean (Fig. 1).

Net primary production was estimated in 6 plots of 30 m® each by harvesting the above-
-ground biomass at the ead of the plant-growing period (May 1982) (Arianoutsou and
Mardiris, 1987). The fresh weight of the harvested material was measured in the field.

Table §
Soil characteristics
Soil depth Organic matter C N P X B C/N
cm R kW ——— 5
030 3107 1807 119 00004 0242 1513

Nitrogen value refers to total nitrogen, while values for P and K are for their available forns.
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Fig. 1. Meteorological data for Stavros experimental site. Monthly precipitation, mean air tempera-
rure data are provided by the Meteorclogical Station at Vassilika, Thermi, for the period 1981--1982.
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Representative samples were transported to the laboratory. oven-dried (80°C for48 hyand
weighed, thus allowing the estimation of the total dry weight of the samples, soried into
green and non-green COMpPOnents.

The estimation of reot biomass was based on mean value for root:shoot ratio of 0.57
for vegetative tissues. determined by others working on similar ecosvsiems (Kummerow
et al., 1977, Miiler and Ng, 1977; Mooney and Rundel, 1979).

Leaf and branch samgles collected in May were oven-dried at 80 °C, weighed, and
ground in a Wiley mill (40 meshk). For the analysis of Ca, Mg, and K, approximately 1 g
of oven-dried ground ptant material was weighed and ashed in & muffle fumace at 300°C
for3 k. The ashed material wasdissolvedin 3—mlofa 1: 1 solution of HCl: waterin a water
tath for 30 min untl it was totally dissolved, then filtered through Whatman #41 filter
paper, and brought to a final volume of 530 ml with distilled water. The minerals were
determined in an atomic absorption spectrophotometer (Varian 775) (Allen et al., 1974).

Niirogen in the plant material was determined in a Techricon Auto-Analyzer accord-
ing 1o Varley (1966), after Kjeldahl digestion.

For the determination of phosphorus, plant samples were first heated in a muffle furnace
for about 1 h at 250 °C and, after combustion smoke settled down, heated at 500 °C for an
additional 4 b, The ash was then digested with 20% HINQ, for 30 min, filtered through
Whatman #1 filter paper, and brought to 100 ml volume. Phosphorus concentration was then
determined in a Technicon Auto-Analyzer according to Varley (1966).

Values for soil nutrient storage are based on surface mineral soil (top 30 cm) and are
calculated on the basis of a mean bulk density of 1.5. Soil nutricnt data are mean values
of 10 individually subsampled analyses randomly cotlected over the experimental site.

Soil nitrogen was estimated colorimetrically in 300-mg samples free of fine roots, after
digestion with H,SO, (Bremner, 1965) in a Technicon Auto-Analyzer (Varley, 1966). Soil
phosphorus was estimated acoording to the method described by Olsen and Dean (1963).

Soil carbon was estimated in samples processed as for nitrogen. Determination of
organic carbon was made by liquid oxidation with K2Cr207 (Alexiadis, 1977).

Sotl potassium wasestimatedinan atomic absorption spectrophotometer (Varian 775).

RESULTS

The flora at the study site is of typical Maditerranean composition, consisting mainiy of
the species shown in Table 2.

The photosynthetic biomass of the ecosystem is 14.0 t-ha™ and the non-green biomass
15 29.5 t-ha™', while their ratio is 0.47. The annual average increment over a 23-year period
inthais 0.61, 1.28, and 1.89 for the green, non-grezn, and total aboveground biomass,
respectively. These values were obiained by dividing the biomass by the age of the stand,

Nutrient pools in aboveground standing bicmass are shown in Table 3. The annual
incrament of putrients, estimated in the same way as for the annual increment of biomass,
1s7.78,2.17, 2.58, 0.64, and 2.4 kg-ha' for N. P, Ca, Mg, and K, respectively.

The distribution and cyeling of organic matter in the ecosystem is represented in
Fig. 2, The above-ground standing biomass was estimated to be 43.5 t-ha™. From this



MOARIANQUTSOU AND S, PARASKEVOPOULGS

Table 2
Plant species dominating Stavros experimental site, northeastern Greece

Isr. I Bot.

Woody species

Herbaceous species

Arbutus unedo 1. Trifolium sp.
Quercus coccifera L. Linum sp.
Phillyrea media L. Festuca sp.
Erica arborea L. Medicago sp.

Olea ewropea L.

Campanula sp.

ssp. oleaster (Hoffmans & Link)Negodi
Calicotome villosa (Poiret) Link

Petrornagiaprolifera(L)P. W . Bali& Heywood
Hymenocarpus circinatus (L.) Savi

Cistus sp. Cyvnosurus echinatus L.
Muscari sp.
Asphodelus aestivus Brot
Table 3
MNutrients in aboveground standing biomass
N P 4 Ca Mg Biomass
Ecosystem
comparanent D T kghal e > t-ha'
Leaves 66.5 226 19.1 196 58 14.0
Wood 112.5 273 361 39.7 B9 295
Total 179.0 499 552 593 14.61 43.5
Leaves/Wood 0.59 0.83 Q.33 0.49 0.65 0.47
Standing Biomass . Litterfall *
43.5 6.0
Root
Biomass e
24.8
30 cm J
oy e MJ
Soil V <
QOrganic Matter
147.2

Fig. 2. Distribution and cycling of orzanic matter of Stavros ecosystern (in kg-ha™')
*Ananoutsou, 1989b.
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Fig. 3. Nutrient pools and nutrient cycling of Stavios ecosystem (in kg-ha™).
= Anapoulsoy, 1989%a. **Ananoutsou, 1993,

standing biomass, 5.98 t-ha-' is shed vearly as litterfall { Arianoutsou, 1989b). The organic
malter stored in the top 30 cm of the soil is estimated to be 147 t-ha'. This soil organic
matter is thought te be an intermediate result of litter decomposition plus the products of
oot decay.

The sizes of nutrient pools and their cyching are presented in Fig. 3. Therate of calcium
cycling scems to be faster than that of the other nutrients, Approximately 88 kg-ha™ of
calcivm reaches the soil annually, originating from rainfail and litterfall {Arianoutsou,
19892, 1993). Calcium uptake by plants, estimated by addigg Lhe annua! increment of
nutrients in standing biomass pius the litter nutrient conteni, measuces 59.93 kg-ha™. It
appears that 27.73 ke-ha' is stored in the soil sink,

Niirogen cycling is also reialively fast. Approximately 34 kg-ha! of nitrogen reaches
the soil anaually, originating from rainfall and litterfall (Aranoutsou, 1939a, 1993,
Nitrogen uptake by plants was estimated 10 be 35,78 kg-ha™'. It scems that there is a lack
of 2.08 kg-ba' niwogen. but adgitional nitogen enters the systam through nitrogen
aunoespheric fixation, This nirogen fixation performed by the symbiotic nitrogen-fixing
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plants of the ecosystem. mainly Trifolitum sp.. Vicia sp.. and Medicago sp. among the
herbaceous legumes and Calicotome villosa of the woody ones, can reach 32 kg-ha-i when
the ecosystem is still very young (1 vear old), and 7 Kg-ba™' in 113 later stages (Margaris
etal., 1983).

It seems that there is an excess of potassivm in the soil since 31 kg-ha™ of the clement
reaches the soil annuvally, while us uptake by plants accounts for not more than
16.8 k2-ha. The same is true for magnesium, 11.45 kg-ka™ of which returns to the soil
on an annual basis, while only 8.39 kg-ha-' is used by plants.

The ecosystermn appears {0 be deficient in phosphorus since only 0.87 ke-ha' of it is
incorporated into the soil annually, while plant upiake reaches 2.79 kg-ha™', thus resulting

in a phosphorss deficit of about 1.9 kg-ha'.

DISCUSSION

The distribution of biomass among different plant comparmments for the magquis ecosys-
tem is similar to that reported for other Mediterranean-type ecosystems. Mooney and
Rundel (1979), working on Adenosroma chaparral, give an aboveground biomass of 21
t-ha™, with photosynthetc tissues comprising 17.3% of this total. Mooney et al. (1977)
report a mean of 28 t-ha”* for a Chilean matorral. Rapp and Lossaint (1981) give 23 tha-
"for a 17-year-old Quercus coccifera gamigue in southern France. Standing crop values
for Calluna beathsin England are also comparable, ranging from 11 to 29 t-ha' (Robertson
and Davies, 1965; Chapman, 1967). These biomass levels are considerably lower than
values for woodland and most savannah ecosystems, but comparable to those of semi-
desert scrub formation and temperate grasslands (Rodin and Bazilevich, 1967; Whittaker,
1975).

The annual increment of 1.9 tha is comparable to the 1.1 t-ha' given by Rapp and
Lossaint (1981) for the Quercus coccifera garrigue in southern France. Specht {1969)
reports increments in aboveground plant biomass for analogous ecosystems of Califor-
nian chaparral and Australian mallee varying from 0.38 to 1.5 t-ha™ annually for the first
10vears. Mooney (198 1), using data from Kittredge (1933), gives vatues ranging from 1.1
t0 2.02 t-ha™ annually for Californjan chaparral.

Data on nutrient pool sizes and fluxes within the ecosystem are comparabie to those
reported by Specht (1969) and Mceoney (1981) for Adenostoma chaparral, and by Rapp
and Lossaint (1981) for the Quercus coccifera garrigoe in southern France.

Conceming the phosphorus deficiency of the ecosystem, various forns of evidence suggest
a limited availabitity of this element in evergreen sclerophyllous ecosystems (Margariset al.,
1984; Schlesinger, 1983; Aranoutscu, unpublished data). Schlesinger and Giil (1980)
found foliar P to decline in an age sequence of Ceanothus chaparral stands. Gray {1983)
found that among foliar natrients, P was reabsorbed most swongly before leaf abscission,
Aranoutsou (1993) also found that 16-19% of P was redrawn from the leaves of the
dominant woody maguis species before their abscission, possibly as a conservation
mechanism. :
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As far as the nutriznl budget at the ecosystem level is concerned, there are several
importaat peints which must be stressed. Quandtative schemes like the one in Fig. 3 are
fundamental and very useful for comparisons between ecosystems. However, their value
may be relative. mainiy for the following reasons, observed by other workers as well.

a. A considerable amount of nulrients is reabsorbed from the leaves before their
shedding as litter. 23-235% of nitrogen, 16-19% of phosphorus. and 33—49% of potassium
arc redrawn from the leaves of the dominant woody maquis species before their abscission
{Gray, 1983; Schiesinger, 1985; Arianoutsou, 1993). This holding back of nutrients by the
standing biomass means that plants do notsatisfy their nutrient needs exclusively through
nutrient input with rainfail, of litter decomposition and uptake from soil, but also through
an internal transfer within the plant body. This mechanism possiblv enables the plants to
save energy. Evergreennessis strongly correlated with nutrient saving in nutrient “deficit”
babitats. The adaptive value of this character has been discussed by Monk (1966), Small
(1972), and Schlesinger and Chabot (1977). In addition to the fact that evergreenness
provides apotentially greater photosynthetic return-per-nutrient investedin leaf construc-
tion, it might also act as a sink for nutrient storage during nutrient uptake but non-growth
periods. Therefore, stwdies of nutrient uptake by plants or even plant comrmunities in
nature which oaly consider nutrient contents inasingle plant compartment atasingle time,
are giving static results which may be misleading and far from the actyal, dynamic
sitaton. Mooney and Rundel (1979) have also pointed out this aspect. In addition, static
determinations do oot take into account that plant communities do not use the same
amount of nutrients at all siages of age-successional gradients, The amount of nutrients
they use as they age diminishes continuousty. Therefore, dividing the total amcunt of
nutrients in the standing bionass by the stand may give data of fimited value, although
useful for comparisons between ecosystems.

b. The time n=eded for the litter 1o decompose and mineralize, or evenits ha.lf hfe time,
has not been taken into consideration. In these studies, minerals of the freshly fallen litter
are usually considered to be gvailable to the plants. This is not necessarily so. Not only is
half-life time decomposition of most of the evergreen scleraphylious species longer than
one year (Maggs and Pearson, 1977; Schlesinger and Hasey, 1981: Schlesinger, 1985;
Radea, 1989; Arianoutsou, 1993, among others), but nutrient release through decompo-
sition is also very slow (Gosz et al., 1973; Lossaint, 1973; Lousier and Parkinson, [978;
Schlesinger, 1983; Arianoutsou, 1993). Al the experimental site studied, an annoal leaf
litterfall of 158 g-m™ of A. unedo and 131 gm? of Q. coccifera, the dominant woody
shribs of the ecosystem (Arianoutsou, 1989a) would stabilize N and P at a rate of 1536
and 27 mg-m for the former and 1480 and 34 mg-m~* for the latter, during the first year
of their decomposition (Arianoutsou, 1993).

So, it could be stated that the maquis ecosystem is nitrogen- and, especially, phospho-
rus-deficient, if the mineral cycling is studied on an annual basis, witbout considering
either (1) retention by plants before litter formation and shedding, or (2) the time
necessary for the nutrients 1o be released through mineralization. Phosphorus deficiency,
though, is a fact and must be studied furthec.
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