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Priinarj prodl:ci;cn and nuirienr pool.: in the soil sod vegctauoi> o i a  rn?,quis 
ecosyrrsm ol'i~orhcnsiem Giecce ;rre examined. Tiis nbovcgiound biooisss of 
43.5 i . h a ~ l  is siloilario dlat oforherMcdi!cna!~can-i)~ecosysicrns. ?mo:~$ i i~e  
nulneuis emmineb h e  ccosvsiem scetils to be dehcient in phosphon~z, since . . 
only O S 7  kgha- 'o f  i; arc nicorp;u!c.i into iiic soil annuaily. wblie plm! upukz 
raacli<s 2.79 l i ~ b a - ' .  res1111111.1 in 3 pliorpboms dcfici! of sbaut I.? kghr: .  

IKrRODUCTION 

The cucuiation of nutrients in terresuial ecosystems, and es?xcid!y in forccled ones, has 
received ioncasing aucntion ovct h e  I:~s!dcc.?dcs, niostly kcauscof  questions regarding 
Innnaec!ncnr vroblerns. Eul~hasis h%s hscn ~ i v c n  to the nuuient return, md lo the - - 
:co:osicol cyclc ol  inpuu to. and oi~tpu!s frkm, the ccosystcms (Ovi;.gtoal96j; Guth;ic 
st a]., 1978; Attlwili, 19Xi); Rapp and Lossaint. 1981; Schiesinger ei a]., 1982; Read and 
I\litci;cli. 1983; Slvank. 1984: S&lesinper. 1935). 

A serics of studies by i\rianou!soi! aud Mxdiris (1987) and Xrimoiitsou (1989a,b, 
1993) evaluated various aspects of notncnt cycling in a ma tus  maquii ecasystem of 
nnnheastcm Greecz. Maquis ecosysre!ils .lie characterized by evergreen sclerophy!lous 
shrubs zmd const;to!c approxici:~tely 255'0 ol the tencsrnal ecosystems oCGreece. Until 
rccenlly, 1113q:'is ecosysterns were consicl~rcil rillher unprodi~ctivc rnarzlnal lands an.1 
u'erc 11iortly used as ranpeland,. Typical klcditcrranenn-type illaquis ecosystems are 
often thrz;~tcr~,:d by fue (ArianouN)u-F3laggiral;i and Marsaris. 1931, 1982) that, 
topethcr with o;,crgra~ir;g, causes con;idc?abls erosion and nuuient loss (finnoutsoo- 
Far2ggi!ai2, 1985). Foi. c\,aluzting oi? i!npact of these pzrtuibaeons. knowled_ee of 
ntiacial cyclicg ii very ii:lp,?itant. This p:iper assesses the nutrient pmls in the maqois 
cm;y,tc::l and iiijicn;?s lii!l:it~nl bt~,:lgitir~g svategizc that ever<r.:,?n scleroph:llous 
ccoj:iirciiis haic  p?ss~hly ?:I>IYC(! i n  rl)ciY)tisc (O a hahilat of litniicd !!lii;or;~! resource.;. 
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hl.ATER1.-U.S AND hlETEODS 

Thestudy ivasconductedar Sravrossxperimentalsire (40" 39'N, 23'43'E. ca.?Orn above 
sea level, 60 km hT ofThessaloniki. Greece), from 1981 ro 1983. The soil, down to I m 
deep. is overlying biotitic-gneiss anphibolitic melamorphic rocks. DaL? on soil charac- 
teristics are given in Table I. 

The vegetation consists of eversreen sclerophyllous shmbs. 23 years old (authors' 
unpublished data), and the climate is rypical Mediterranean (Fig. 1). 

Netprimayproduct~on wasesumated in6ploisof 30m2each by hmestingtheabove- 
ground biomass at the end of the plant-growing period (May 1982) (Arianoutsou and 
Mard'iris, 1987). The fresh weight of the harvested rnatetial was mezured in the field. 

Table I 
Soil characteristics 

Soil deprh Organic matter C N P K C N  

LL30 31.07 18.07 1.19 00003 0.242 15.13 

Nitrogen value relerj to total nirrogen, while values for P and K we for lhelr available forms. 

M A M J  J A S O N D J  F M A M J  J A S O N D  J 
1981 ++ 1987. 

Fig. I. Meteoraiogicaldau f o r S ~ s v r o s e x ~ ~ m c n t a l s i t e .  Lloolhly precipitation, meao air tempera- 
ruredaLlareprovidedby 1lieMetcoruiog~calSlat~onnlVassillka.Tliemi. fnrthepriod 1981-1982. 
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Representative samples were hansponed to thelaboratory. oven-dried (80eC for48 h)and 
weighed, thus allowing the estimation of the to!al dry weight of the samples, sorted into 
green and non-green components. 

The estimation of root biomass was based on mean value for root:shwt ratio of 0.57 
for vegetative tissues. determined by others workng on similar ecosystems (Kununerow 
et al.. 1977; Miller and Ng, 1977; Mooney and Rundel. 1979). 

Leaf and branch samples collected in May were oven-dried at 80 'C, meigheQ and 
ground in a Wiley mill (40 mesh). For the analysis of Ca, Mg, and K, approximately 1 g 
of oven-driedground plant materiaiwas neighedandashed in a muffle furnace at 500°C 
for3 h. Theashedqateiial wasdissolved i n31mlo fa  1: 1 solutionofHCI:waterinawater 
bath for 30 min until it was totally dissolved, then fdtered through Whatma1 r l l  filter 
paper, and brought to a final volume of 50 ml with distilled water. The minerals were 
determined in an atomic absorption spechophotometer (Varian 775) (Allen etal.. 1974). 

Nitrogen in the plant material was determined in a Techhicon Auto-Analyzer accord- 
inp to Varley (1966), after Kjeldahl digestion. 

For ibedetennination ofphosphorus, plant samples were fust heated in a muffle h c e  
for about 1 h at 250 "C and after combustion smoke settled down, heated at 500 "C for an 
additional 4 h. ?he ash was then digestsd wiib 20% HhlO, for 30 min, fiitered rhrough 
Whatmanffl filterpaper, and brought to 1COml volume. Phosphorusconcentiation was then 
determined in aTechnicon Auto-.Analyzer according to Varley (1966). 

Values for soil nutrient storase are baced on surface minerd soil (top 30 cm) and are 
calculated on the basis of a mean b u k  density of 15 .  Soil nutrient data are mean values 
of 10 individually subsampled analyses randomly collected over the experimentai site. 

Soilnitrogen was estiinatedcolorimetncally in5OO-mg samples freeof fineroors, after 
digestion with H,SO,(Bremner, 1965) in aTechnicon Auto-Analyzer(Varley, 1966). Soil 
phosphorus was estimated according to the methoddescribed by Olsen andDean (1965). 

Soil carbon was estimated in samples processed as for nitrosen. Determination of 
organic carbon was made by liquid oxidation with K,Cr,O, (Alexiadis, 1977). 

~oil~tassiumwa~estimatedinanatomicabso~ti~nspec~o~hotometer(~~an 775). 

RESLZTS 

The f l ona t  the study site is of typical Mediternnean composition, consisting mainly of 
the species shown in Table 2. 

The photosynthetic biomassof the ecosystem is 14.0 vha-'and the non-green biomass 
is 29.5 tha-', while theirratio is 0.47.Theannual average incrementovera23-yearpriod 
in [.ha-' is 0.61, 1.28, and 1.89 for the green, non-green, and total aboveground biomass, 
respectively. These values wereobtained by dividing the biomass by the age of the stand. 

Nutlent pools in aboveground standing biomass are shown in Table 3. Toe annual 
increment of nutrients, estimated in the same way as for the annual increment of biomass. 
is 7.78, 2.17, 2.58, 0.64, and2.4 kg.ha-' for N. P, Ca, Mg, and K, reppzctivzly. 

Tbe distribution and cyclirtg of oganic matar in the ecosystem is represented in 
Fig. 2. The above-ground standing hiornnss was esti~nated to be 43.5 t-ha-'. From this 
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Table 2 
I'laix s ~ e c i e s  dominaUnn Siavros exwrirneoml sire. ooriheasrem Greece 

Arburus trnedo L. 
Querciis coccifera L. 
Phillyrea rrieil'o L. 
Erica arboren L. 
Olea elnopea L. 
ssp. olecsrer (Hofhans & Li;lk)Negcdi 
Calicoro,n_e viilosn (Poiret) Link 
C!siris sp. 

Trifoliunz sp. 
Linum sp. 
Fesriica sp. 
luedicago sp. 
Cnmpnnulo sp. 
Petrorhagiaprolij~ra&.)P.W. Ball& Hejwood 
Hyrrfenocarpus circinorus (L.) Savi 
CWWluru5 echinarus L. 
Muscori sp. 
Asuho&ius aesrivus Brot. 

Table 3 
Nuoic.r?ts m abovsgmond standing biomass 

N P K Ca Mg Biomass 
Ecosystem 
cornparment < ............................. kg.ha-' .......................... > tha-' 

Leaves 66.5 22.6 19.1 19.6 5.8 14.0 
Wood 112.5 27.3 36.1 59.7 8.9 29.5 
Total 179.0 49.9 55.2 59.3 14.61 43.5 

Standing Biomass 

Organic Mctter 

Fig. 2. Dishbution and cycling of oizanic matter of Stavros ecosystem (in kg-ha-') 
*&ianoutsou. 1969b. 
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Fig. 1 Nutrient pools and outrie,,t cycl~o$ of Stavros ecosystem (in kgha-I). 
" Ananaulsou. 1989~. -*hanouisou. 1993. 

standing biomass. 5.98 [.ha-issshed yearly aslitretiall (ArianouL$ou, 19S9b)l'oeorganic 
matter :tored in the top 30 m of the soil is estimated to be 147 [.ha-'. This soil organic 
matter is thought to be anintennediate result of IitIerdecornposition plus the products of 
root decay. 

?Xe sizesof nuoient pmls  and their cyclingare presented in Fig. 3. The rate ofcalcium 
cyclint: seems to bc i2cster than that of (be other nuulents. Approximately 88 kg.ha-' of 
calcium reaches thz soil annually, originating from rainfall and littcrfall (Arianoutsou. 
19S9a. 1993). Calcium uplakc by plaiits, estimated by adding the annual increment of 
nutrients in standing biolnass plus Ule litrer nuuient content, measures 49.93 &.ha-'. I t  
appears that 27.73 k ~ h a - '  is storcd in the soil sink. 

Nixogen cyclin: is alss rclalivel). fast. Approximately 34 @.ha-I of nitiogen reaches 
the soil annually, ofipinalino fioiii rainfall and litterfall (Arinnoutsou, 1989a, 1W3). 
Nitrogen uptakz by plantswa< esllrnatsd to he 35.78 i;g.ha-'. l t  Seeols that there is a lack 
of 2.08 kg.ba-' niuoyen. but ndcliilon;ti nitiooen enters tl:e system through nivogen 
ahnospheric ha t ion .  This :lixo$en linntion pcrfonrrcd by thc symbiotic ~nitro$n.fixing 



plants of thc ecosystcm. mcuiily 7'rrjoiiii,n sp.. i'icia sp.. and ;\i~liici;:.o p ,  alrioilg rile 
herbaceous lcgumes and Cnllcoiomr viliosa ofthe woody ones. can reach 32 Lg.ha-' when 
the ecosystem is still very young i l  !ex old), cind 7 kg.ha-I in ir; later stages (blxgxis  
st  al.. 1983). 

It seems [hat there is an excess of potassium in the soil since 3 1 &,ha-' of thc ?leinenr 
reaches the soil annually, while its upWAe by plants nccounis for not inors than 
16.8 kg.ha-'. The same is uue for magnesium. 11.15 kg.ha-' of which r2. turns to the soil 
on an annual basis, while only 8.39 kg.ha-' is used by plants. 

The ecosystem appears to be deficient in phosphorus since only 0.57 kg-ha? of it is 
incorporated into the soilannually. yhiie plant. !~pt;iks reac_hes 2.79 kg.ha-'. thus resulting 
in a phasphortis deficit of about 1.9 kg.ha-' 

DISCUSSION 

The disiribution of biomass among different plant cornparmicnts for the maqriis ccosys- 
tern is similar to that repoifed for other Mediterranean-type ecosystems. Mooney and 
Rundel(1979), working on Ader~osconia chap:uol. give an aboveground bioinass of 31 
[.ha-', with photosyntheuc tissues comprising 17.3% of this rotd. blooney et al. (1977) 
reporta mean of 28 [.ha-' io ia  Chilean matorrai. Rapil andLossaint (198 1) give 23 (-ha- 
' for a 17-year-old Q~rerclrs coccijera garrigue in southern France. Standing crop values 
for Ca l lu~u~  heaths in Eng!andarealsocomparable, ranging from 11 to29 [.ha-r robemon 
and Davies, 1965; Chapman. 1967). These biomass levels are considerably lower than 
values for woodland and most savannah ecosystems, but comparable to Lhose of semi- 
desert snub  forniation and teniperategrasslandsiRodiii and Bazilevich, 1967; Whittaker, 
1975). 

The annual increment of 1.9 :,ha-' i!; comparable to tbe 1.1 tha-' given by Rapp and 
Lossaint (1981) for the Qlcercirs coccfiru gwigue in southern France. Specht (1969) 
repons increments in aboveground plant biomasq for analogous ecosystems of Califor- 
nian chapanal and Australian malice vuying from 0.86 to 1.5 &ha-'annually for the first 
10 years.Mooney (1981). usingdatafromKittredge (1955),givesvaluesrangingfrom 1.1 
to 2.02 t.ha-' annuaily for Californian chaparral. 

Data on nutrient pool sizes and fluxes within ihe ecosystem are cornparabie to those 
reporred by Specht (1969) and Mooney (1981) for Adenostomm chap3i~a1, and by Rapp 
and Lossaint (1951) for the Quercus coccifera garrigue in southern France. 

Concerning the phosphom deficiency of the ecosystem vario~s f o m  of evidence suggea 
a limited availability of this element in evergreen sclerophyllous ecosystems Ovlargans etal., 
1984; Schlesinger, 1985; Arianoutsou, unpublished data). Schlesingtr and Gill (1980) 
found foijar P to decline in an age sequence of Cenrtoihirs chaparrnl stan&. Gray (1983) 
found that among loliarnatrienrs, P was reabsorbed most strongly before leaf abscission. 
Ananoutsou (1993) also found that 1 6 1 9 %  of P was redrawn from the leaves of [lie 
dominant woody ~naquis species before their abscission, possibly as  a conser:.ation 
mechanism. 
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.As far as the nuuiei?l budget at the ecosystem ievel is concerned, there are several 
imporrant points which must be stressed. Quanutative schemes Like the one in Fix. 3 arc 
fundamental and very useful for cornpatisons betaeen ecosystems. However, he i r  value 
may be relative. mainly for the following reasons, observed by orber workers as  well. 

a. .A considerable anlount of nutrients is reabsorbed fronl the leaves before theu 
sheddingac litter. 23-24% ofniu-ogen. 1 6 1 9 %  ofphosphorus. and 3 3 4 9 %  ofpoussiuni 
areredrawn from the leaves ofthe dominant woody maquisspecieskforetheuabscission 
(Gray. 1983; Schlesinger, 1985; Arianoi~tsou, 1993). This holding backofnuments bythe 
standing biomassmeans that plants do not satisfy theirnutrient needsexclusively th-ough 
nutrient input with rainfall, of litter decoinposition and uptake fromsoil, butalso through 
an internal transfer within the plant body. This mechanism possibly enables the plants to 
save eoerxy .Evergreenness is strongly correlated withnutrient saving in nuuient"deiicir" 
habitats. The adaptive value of this character has been discussed by Monk (1966), Small 
(1972). and Schlesinger and C h n b t  (1977). In addition to the fact that evergreenness 
provides apotentially :reaterphotosyntheticretum-per-nutrient investedin leafcoiistruc- 
lion. it might alsoact a$ as i rk  for nutrient storage during nuuient uptake bur non-growth 
periods. Therefore, studies of nutrient upcske by plants or even plant communities in 
natu1.c whichonly cons~dzrnutiznrcontents inasingleplant comparunentatasingie W ~ e ,  
are giving static resiilts which may be misleading and far from the actual, dynamic 
situauon.Mooney andRundel(1979) havealsopointedout this aspect. In addition, static 
determinations do not take into account that plant wmmunities do not use the same 
amount of nutrients at all stages of axe-successional gradients. The amount of nutiients 
they use as the)' age diminishes continuously. Therefore, dividing the total amount of 
nutients in the standing biomass by the stand may give data of limited value, although 
useful for comparisons between ecosystems. , .. 

b. The timeneeded for ihe litter rodecompose and mineralize, oreven its halMfe t h e ,  
has not been t&en into consideration. In these studies. minerds of the freshly fallen lilter 
are usually considered to bz availab!e to the plants. This is not necessarily so. Not only is 
half-life time decomposition of most of the evergreen sclerophyl!ous species longer than 
one y e a  W a g g s  and Pearson. 1977; Schlesinger and Haqey; 1981; Schlesinger, 1985; 
Radea  1989; Arianoutsou, 1993, among others), but nut%ient release through d e c o m w  
sition is also very slow (Gosz et al., 1973; Lossaint, 1973; Lousier andParkinson. 1978; 
Schlesinger, 1985; Manoutsou, 1993). At the experimental site studied, an anr.ua1 leaf 
litterfall of 158 g.m-' of A, iinrdo and 131 g m i  of Q. coccifera, the dominaiit woody 
shrubs of the ecosystem (4rianoutsou. 1989a) would stabilizeN a n d P a t  a rate of 1436 
and 27 rng.m-! for the former and 1180 and 34 m ~ . m - '  for the latter, during the first year 
o f  their decomposition (Arianoutsou. 1993). 

So, it could k stated that the inaquis ecosystem isnitrogen- and, especially, phospho 
rus-deficient, if the iriineral cycliiig is studied on an annual basis, without considering 
either (1) retention by plants beicre litrer fonnation and shedding, or (2) the time 
necessary for the nuwients to k rel~ased through mineralization. Phosphorus deficiency, 
though, is a fact and must ix studied funher. 
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