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Fire-Induced Nutrient Losses in a Phryganic 
(East Meditteranean) Ecosystem 

by 

M. Arianoutsou and N. S. Margaris* 

ABSTRACT. - Arter a fire in  a pl~ryganicecosystcm,tl~c nutrient losses in ahove-ground 
plant biomass, in  nitrogen (N), pliosphorus (P), potassiuni (K), calciltm (Ca) and nmgnc- 
sillm ( M g )  were quantitatively different. The tnost important i s  that of nitrogc~i (96%). 
f o l l ~~wcd  by magncsiom (59'!4,), potassit~m (54%) and calciuni (3h%,) while pl~ospl ion~s 
content rc~n;~inc<l constant. Rc~iioval ortlicsc clcmetits took placc tlirough lire's sn>oke. 

INTRODUCTION 

Accortling to Aschni;~tin's (l971)dcfinition ofthe "Meditcrranc;~~~ type" climate, Grcecc is. 
in general, a typical representative. Two major tnetlitcrrancan ecosystcm-types can he 
<listingl~ishcd (Eyrc. 1968): rnaquis a1 the wct cnd of thc piucipit;tlion gl-adicnl i ~ t i t l  

plirygnria at  the dry end. Maquis (synonyms: macchia-lt;tly, cliorech-Israel. monte hjo- 
Spain, rnat8r;tl-Chile, cliaparral-California, mallcc-Australia, fynbosch-S. Africa) arc 
clense cvcrgrcen scruh commonitics. whilc phrygana (tomilleres-Spain, batha-laracl, 
garign-lt;lly, co:~stal sage-C;tlifornia, rctiostcrbosS. Africa) arc open oncs. 

The ;tvailahlc information on the nt~tricnts changcs aftcr Corest a11cI grassland l i rcs is 
q ~ ~ i t e  iit~nicrous (Biswcll, 1972; Ilaubcnniirc. 1968; DcBcll and Ralstan. 1970: nix. 1960: 
Uix and Rutlcr, 1954; Gricr, 1975; Knight, 1966; I.ew~s, 1974: Lloyd. 1971; Sharow atid 
Wright, 1977; Vogl, 1965). U x r c  is also inrc~nnation an chaparral and hcathlnnd lires 
(Allen, 1964: Christensen, 1973; Depano and Conr;~d, 1978; Dcbano, Dunn and Conl.arl, 
1977: Gimin~l,am. 1970: Kenworthv. 1964: St. John. 19411. However. ror tlic Mcditerra- - .  
nean basin itsclfthcrc arc no published data upto now. In lliispnpcl-, llicdataconcern plant 
nutricnl chances durinc and alter fire i n  a phrycanic ecosystem in Greece. This slttdy - - . .- 
consists o f a  nnrt or s reacnrch "roeram on !he structure. ft8nction and nianaacnlcnt ol. . - 
phrygn~iic cc~systcarr (Adamanti;ldolt. Siafaca and M;lrga;is, 1978: Ma1.gat.i~. 1;75. 1976. 
1977a. 11; Margaris and Pnpadogisnni. 1978). 

EXPERIMENTAI. SITE 

A phi-ypanic ecosystctn locatcd tncar Athens, in the SW of MI. I-lymcttllson an altitude or 
400 m.is thcarca itnderstudy; i t  ncighbours withan onburnt area o f t l i csamest l -uc t t~ re . in  
wliich experitnc~its wcl-c c;~rric(l out (or cotiip;trison. The (lominant pln~lt  spccici in  the 
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biomass of the ecosystem are (Margaris. 1976): Phlomis frudcoro (33%). Euphorbio acan- 
rhorhomnor (26.5%). Sorcoporerium rpinosvrn (12%). Cisrus spp. (7.5%) and 77??lymuscnpiro- 
rus (3%). 

MATERIALS AND METHODS 

Chemical analysis was carried out on samples consisting of the  above-ground parts of the 
dominant plant species of the ecosystem, cropped in July 1977. A pan  of [he cropped 
material was spread ona metal tray and ignited. As the fire proceeded morematerial was 
added. The plant ash thus obtained was further analysed. 

Nitrogen was estimated by a combination of Kjeldahl procedure, using CuS0,- 
K,SO,- Se as a dipestion accelerator, and Varley's method (1966) in thc Technicon 
autoanalyser. 

Forphosphorus, potassium,calcium and magnesium analysis, the procedure used is the 
fo1lowing;sampleaoloven-driedplant material and the ash obtalned wereincinerated twice 
at 54PC for 8 h. After every incineration the ash was taken with 5ml HCI-H,O(I:4) and 
filtered through a filter paper (Whatman No 42). Phosphorus was estimated in a 
spectrophotometer using vanadomolybdate yellow procedure (Chapman and Piatt, 1961) 
and potassium with a flame pholometer. Calcium and magnesium were estimated withan 
atomic absorption spectrophotometer. 

RESULTS AND DISCUSSION 

Chemical analysisolintact plant material and of theash obtained through burning in the 
laboratory gives us  results an the percentage losses of eachelement, removed in the lire's 
smoke. Analytical data are shown in Tables 1 to 5. 

According to  Table I from a total amount of 5.050 g/m2 of nitrogen only 0.089 g/m2 
remained after lire what means that 96% of this nutrient is lost in smoke.probably due to 
the high volariliratian of the compounds formed. 

Tabir I .  Loss ir nitrogen ( N )  oi the aboveground plant parts of theecoryrlem because of lire 

Plan! biomass Nitrogen in Nitmgn Ash ~n Nitrogen Nitrogen 
Species belore fire unburn~d before fire the rite in ash ailer fire 

-- (w'lnZ1 I'Yd U (Urn')  (%I (Urn') 



)a? 

Table 2. Loss in phosphorus (P)orrheabovcground plant parts of the ccoryrtem because of fire. 

Planr biomass Phosphorus in Phosphorus Ash in Phosphorur Phosphorus 
Species before fire unburned plants before firc the sire in ash after fir= 

(g:m?) (Ym) (Urn') (g/m') (%) (dm')  

Euphorbio 
ocon,ho,bomnor 

302 0.146 0.044 14.700 7.222 0.106 

Sorcoporerium 
rpiroruni 

148 0.324 0.035 9.7W 4.781 0.046 

-Cirrus ~ - ~ ~ ~ 

.~ 
95 0.774 0.074 7.200 11.008 0.C71 

sp. 

Thymur 
eopirorus 

35 0.351 0.012 1.300 8.465 0.011 

Mean 0.079 0.079 

Loss due 
to fire (%) 

Table 3 Lorr in potasslum (K)ofthe abovcsround plaill parts oflheccoryrtcm b e a u x  of fire 

Planr biomass Potassium in Potarrium Arh in Porarrium Potassium 
Species before fire unburned plants before fire therile inash after fire 

(g/rn:) (Yi) (Urn') (dm') 7 (g/m2) 

Phiomis 
fruticoro 

385 4.870 1.875 33.100 28.800 0.953 

Euphorbio 
ocan,hori?on>nor 

302 3.610 1.090 14.700 26.640 0.392 

Sorcoporeiiwn 
rpinosirn, 

148 1.490 0.220 9.700 18.820 0.182 

Cisrus 
95 4.820 0.458 72W 27.250 0.198 

SP. 

Th, niur 
copi,orus 

35 6.050 0.212 1.300 36.960 0.048 

Mean 0.771 0.355 

Lois due 
,ofire(%i 

On thecontrary. phosphorus (Table 2) was not lost. but it was deposited in the ash.bed 
covering the soil surface. Potassium and The divalent cations. calcium and magnesium 
(Tables 3.4 and 5 )  showed modcrate losses: 54%. 36% and 59% rrcspectiveiy. 

Table 6 shows qualitative data of l i r c  eflccts on nutrients in three ecorysrcm types: 
forests. grasslands and  shrublands. As we can see. in all cases the most imporiant loss in 
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Table 6. Effect of fire on vbovsground plant nutrient losses in different ecosystem types. 

Ecosystem type N P K Na Ca Mg Author 

Shrublands 
I .  101 9 90 5 147 14 DebanoandConrad* (1978) 
2. 60 Allen** (1964) 
3. 96 0 54 36 59 Present work** 

Forests 
I .  62 Debell and Ralstan** (1970) 
2. 64 Knish[** (1966) 
3. 39 35 83 11 15 Grier* (1975) 

. ~~ 

LIO$* ( 1 9 7 c j ' ~  ~~ 

Sharrow and Wrinht* 11977) 

* Loss in kg/ha 
** Loss in % 

Since fire consumes high nitrogen quantities, the ecosystem must be capable to replace; 
or else it would quickly becomecompletely devoid of it. Rain undoubtedly contains some 
nitrogen, but this input is low, not mare than two kilograms/ha/year (DeBano and 
Conrad, 1978). The most important mechanism seems to  be theactivity of nitrogen-fining 
bacteriil, such as thesymbiotics in the nodules ofPapiiionacrae. We can forexampie refer to 
the herbal generaLorur.LupinusandTri/olium, abundant inchaparral(Dunnand DeBano. 
1977)and phrygana (Economidou, 1969; Papatsou, 1977) in the nodules ofwhich nitrogen 
is fixed. 

The presence ofthaegenera i s  very important in the firat growth periods after fireand is 
especially typical insiter with recuiringfires,e.g.,ur we follow theNorth-Southdirection in 
Greece, we can see more and more representative species of Pnpilionoccoe. It is s o  
illustrated how important is thc rapid symbiotic nitrogen fixnrion by resident lesume 
species after fire. Some nonherbaceous nitrogen fixers in Greek phryganic ecosystems are 
Genisraocan~hocloda, typical in South PeIoponnese,A,tihy/t~ hernronioe, Ca1)corome viNosa 
and Spartiiim jt!nrcum. 

Data from California show that nodules of Ceonorhurgregii produce such a nitrogen 
quantity that covers 25% of in  own nitrogen needs; and Ceonorhus inlegerrimar root 
nodules(Vlamisetal.. lP58)arecapable offiring up to 60kg/ha ofnitrogen annually under 
optimum conditions (Delwich, Zinke and Johnson, 1965). 

losses, attained 0.147 d m 2  (59%). 
The data as a wholeshow that burning of plan1 cover releases largeamounts of readcly 

soluble nutrients such as K. Na. Ca. Me. These nutrients were bound in ~ l a n t  tirsues. 
~ h s i < ~  r: ~ . ~ . e r c  . ,.a,>r + ro<*n .  T r, :ol:.;n, i l  cm :113 :cl !.') I \  u.bL e fx ln s  i d i  trlc 
plant iummJnltY From t n ~ ,  apcct .  11 c3n he cont~dcrc<l as a d u c k  decomporrr If tlwrc 
nutrients are not used either because thereare nopiants,or thesoilcannot hold them, they 
will be lost with erosion (DeBclland Conrad. 1976)and thesubsequent regeneration will be 
slow(Viro, 1974). 
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