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Abstract. Dehydrogellnse activity, cellulose decomposition, nitrification, and CO, 
release were measured for 2 years to eslimnle the effects of a wildfire over a 
~ h r v e m i c  ecosvstem. In decomoosers' subsvslcm we found hat  h e  nmainlv affected . .- 
the niuification process during the whole period, and soil respiration for the second 
oost-fire vex .  when cornoared with the control site. Our datasueeest that after 3-4 , . uu 

months the activity of microbial decomposers is almost the same at the two sites. 
suggesting that fire is not a catastrophic event, but a sin~ple perturbation common to 
Mediterranean-type ecosystems. 

About 40% of the total surface of Greece is covered with Mediterranem-type eco- 
systems characterized climatically by mild, wet winters, and dry, hot summers. Two 
basic ecosystem types can be distinguished in lhese areas: rrurquis, which usually are 
found at the wet end o f  the precipitation gradient, and phrygarm. at the dry end. 
When their major adaptation to overcome the summer drought is considered, maquis 
(synonyms: choresh-lsruel, mortre boj-Spain, chopnrraCUSA, jynbos-S. 
Africa, marorr~il-Chile, mallee-Australia) are characterized by evergreen scle- 
rophylly, whereas phrygma(synonyrns: bnrha-lsrael.romillnresSpain,coarrolsnge- 
USA, renosrerbos-S. Africa, borocnl-Portugal. goriga-Italy) show a seasonal di- 
morphism by which they minimize their transpiring biomass during summer. 

Today, at least for area? of the earth with a Mediterranean-type climate such as 
Califonlia, S. Africa, and Australia, fire is generally accepted as a natunl and inevitable 
event incorporated in the inionnation pool of these ecosystems. Ln producer's subsystem, 
afier a fire all the dominant plants recover by resprouting, activation of seed 
germination, or both. In general,.i-10 years after s fire: a burned system is similar to 
unburned ones. Also. t i e  delav for the fire due to anlhroooeenic actions usuallv results . 
in dexradation of lhe system as well as a decrease of species diversity. 

~ l t h o u g h  abundant-infom~ation is available concerning the recovery of producers. 
lillle inforn~ation is available collcenline decomoosers. Conseauentlv. we studied . . 
cllanaes in soil ~nicrobial subsvste~nfollowinr, fire. We are aware of the difficulties of - - 
investigating parameters representing soil microbial processes: herefore, we chose 
dehydrogenase activity, nitrification, cellulose decomposition, and CO, release from 



Fig. 1. A cilmacic d i a p t n  conraining dam for ihc study arraduing the expe-enlal yer id  

soil as our main focal points because they describe the system from a functional point of 
view. 

Materials and Methods 

Study Site 

In late Julv 1976 about 200 ha of ohwema were burned accidenrallv on the Hvmcmr mountain flow to the . .- 
A h n r  Unlvcrrnty Campus Smcc 1s pre-fire , l r r t t lw  ,I,J iuu.c# ,!a u u  .lrs;nka already ny Marganr 1141. 
the m a  was tded keouw a uas ucll knoun ~ r d  N:~JY II ud. 2.0- 10 wlul u n b u m  vegcwllon and 
roll W. ThesNa) arcairsoout100mh~cx.1.c~r. .  m~ me ic:rm tir.&ratcly strxpw~lhrlc,pe~i,i I&IS0 

The dominant wmdy spcies were plants that occur typically in phryganic sosyrtems, including Phlomis 
frwicma. Soocowrerium roinmwn. and Eu~horbio acanrhorhamnor. which a m t e d  for77W of the above 
gmund biomass of the system (approximately 1OOO gm-2 before the fire). The remaining 33% consisted of 
subshrubs such ar Thymu enpiroms, Cisrur rpp. Hclionihemum nmulorum. ArpnmguT apkyllu~. Tcucciim 
polium, as well a some m u d  and yerennial herbaceous plants. 
AU s h b s  were burned to the ground by the 1976 fue leaving only chamd snags. Almost d l  the liner was 

also consumed, leaving the sail covered with arh up to 2 cm in depth. Climatic d m  for Ule r ~ d y  p t i d  are 
shown inFig. I. 

Procedures 

Ertimarion ofMicrobioiNderr .  Micmbid populations of bactetiaaod fungi were estimated by dilution plate 
counts [15,16] in 5 soil samples collected 3 months after the ffv fmm the u p p r  3 cm of the burned and rhe 
unburned rites' soil. 
Extimotion ofMicrobiolBiomou. l k e s o i l  samolesof 300 e each. collected from the uomr 3 cmof soil from - .  . . 
the burned and the unburned sires, were exposed to chlorofom for rterilirntion. The samples then were 
inoeulared and were uKubated for 20 days a c d i n g  lo the mehod of Jenkhmn [I I]. Microbial biomass was 
calculated from thedifferenceof CO? rel-ddurine incubadon 
Dekydrogenarc Acriviry. Each month 5 roil samples fmm the upper 3 cm at both r i m  were rested for 
dehydrogenase activity by the uiphenyltcuarolium chloride (nC) method [IZ]. 
CcllulorcDecomposition. Celluloredccompmition was studied in the upper LO cm of the bvmed and unburned 
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Table 1. Soil m ~ e r o b i a l ~ ~ ~ ~ l a 8 i o n r  measuced in the upper 3 crn of the burned 
and unburned rites af the phryganlc ecosystem. 

No of Cellrlg roil 

Burned Unburned 

Bacteria 
P lygana  (Greece) 
Chaparral (California) 

Fungi 
Phrygana (Greece1 
Chaparral (Califomla) 

sire using filter paper. The rnelhod is described elsewhere ( 5 .  61. For the computation ofdecomporirion 
constants, a fmt-order decay reaction was assumed: 

where: 
n, = amount of material remdning aherrtme 1 (days) 
x o  = amount aimaterialat the beginning of &e period 
k = decay consrani (deeompition mrc per day) 

Sod Nirrorc Conrent nndNirficetion. Nimte coaenr of rhe soii war erumared monthly in sampler collectcd 
from the upper 3 m of both burned and unburned sites, "sing the phenoldiuulfonic method 121. For the 
determination of soil nimfying capacity. every second month 3 air-dcied soil sampler (of the upper 3 cm) 
weighing 2 0 g  each were placed in beakers, bmugh mM)% of fleld watereapacity, and kept in the dark for 21 
days at 25 f I T .  The nitrifying capacity was calculated from rhe difference in the nitrate content at the 
beginning and endof the 21-day period. 
Soil C02 Rcieose. Soil COI release was mezured by the inverted boxer technique (7.191. Ten cylindrical 
aluminum eylinden (20 crn high and 10 cm in diameter) were i n v c d  a1 each sits covering a beaker conmining 
20 ml of IN KOH. A 24 h equilibration p e n 4  was allowed. Amounu of C 0 2  evolved were estimated by 
tivarion using a Ni l0  HCI solurion. The measurements were carried out every 15-20 days in h e  burned and 
unburned sites. 

Results and Discussion 

Results concerning the numbers of bacteria and fungi of the Greek phryganic ecosystem 
are shown in Table 1. A slight decrease in fungal population was observed, while 
bacteria appeared to increase in number. In the methodused forthe fungal enumeration, 
sDores were isolated in oreference to fungal hvohae. The increase in the bacterial - ,. 
populations could be amibuted to the high pH values (pH: 7.54.0) observed in the 
burned soil. 

Using the sterilization-reinoculation technique, we found that the total microbial 
biomass in the upper 3 on soil in the burned area was 0.5 g/lOO g of soil 2 months after 
fire, 30% less than the microbial biomass in the unburned soil. 
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Fig. 1. A climatic diagrnm conmining dam forthe study a ~ d u i n g  the expenmental period. 

soil as our main focal points because they describe the system from a functional point of 
view. 

Materials and Methods 

Study Site 

In late July 1976 abour 2M ha of phrjgana were b m d  accidentally on the Hymetrus mountain close to the 
Athens Universiry Campus. Since its pre-fm rmfm and function was desctikd already by Margaris [141, 
the area was ideal becaw it was well known and because it was close ro areas with unbumed vcgcmtion and 
soilgvpe.~s~dyareaisabour40omabove~levelandtheic~nismoderarely sreepwithrlopesof 10-15°. 

The dominant woody species were plants that *cur typically in phryganic ecosystem, including Phlomir 
Jnrrlcosa, Sorcoporerium spimsum, and Euphorbio aconrhorhomnor. which accounted for TI% of the heabove 
ground biomass ofthesystem (approximarely IWOgm-2kfortihc fire). Theremaining33% consisredof 
subshrubs such as Thymu copirorur. Cisnu spp. Helianthcmum numulonun. Asparagus ophyllw, Teucrium 
polium, as well as some annual and peremial herbaeeour plants. 

All shrubs were burned to the pound by the 1976 fue leaving only charred snags. Almost all the liner war 
also consumed, leaving the mil covered with ash up to 2 cm in depth. C r i t i c  dam far the study period are 
shown in Fig. 1. 

Procedures 

Esrimorion ofMicmbiolNum6pm6p1. Mimbialppulalions of bactetis and fungi we= errhated by dilvtiooplare 
counts [15,16] in 5 mil samples collecled 3 months aElei the fm fmm the upper 3 em of !he burned and the 
unburned sires' roil. 
Estimtion ofMicrobiolBiomnrr. Three soil sampler of 300 g each, collected fmm the upper 3 cmof roil from 
the burned and the unburned sites. were exposed to chloroform for sterilization. The sampler then were 
i n d a t e d  and were ixubared for 20 days acconfing to the mmhd of J e h n  [Ill .  Micmbial biomass was 
calculared from the difference of C 0 2  relemdduting incubation. 
Dehydydogcmc Acriviq. Each month 5 E O ~ I  samples from the upper 3 am at both rites we= rested for 
dehydrogenase activity by the liiphenyltemolium chloride (TTC) method [12l. 
Cellulose Decomposifion. Cellulose decompsilion wasstudid in k upper IOcmof rhe bwncd and unburned 
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Fig. 2. Soil microbial acrivisy in the burned and unburned phiygan~c ecosystem between August 1976and 
June 1978. 

Dehydrogenase Sysrem Activity 

Using dehydrogenase activity it was found that the activity in the top 3 cm of soil 
appeared to be the same in the burned and unburned soils (Fig. 2). However, the 
disadvantages of this method must be considered since several biological parameters are 
involved, such as activity of free enzymes released by lysed microorganisms or plant 
roots, or enzymes excreted by integral microbial cells, meso- and micro-fauna [181. 

Cellulose Decomposirion 

Figures 3A and 3 8  present daraconcerning cellulose decomposition with and without 
the addition of urea in both burned and unburned areas. Each value is the mean of 10 
samples taken at each collection day, and the venical bars represent the standard errors. 

For the pure cellulose treatment (Fig. 3A) a lag phase of 32 days was observed in both 
sample areas in which the decay constants for burned and unburned soils were found to 
be ka3? = 0.7% day -', followed by high rate of decomposition with thedecay constants 
increas~ng to k32.180 = 1.5% day-' (burned) and k32.,,o = 1.1% day-' (unburned). 

It is well known [lo] that one of the facton which may be limiting in cellulose 
utilization is nitrogen concentration. We tested the effect of urea addition on cellulose 
decomposition rates. Results are plotted in Fig. 38.  

In the presence of added urea, a 32-day lag phase was observed during which the 
decay constants were ko.32 = 0.6% day-' (burned) and ka3, = 0.9% day-' 
(unburned). Again, the lag phase was followed by a relatively high rate and decay 
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I- . Burned 
site 

1W 0 Unburned 

Fig. 3. Decomparition of cellulose filter papen. pure (A) or wiLh the addition of urea solnuon (B), in b e  
burned and the unburned riles of m e  phryganie ecosystem. 

constant of k32.180 = 1.1% day - ' (unburned). There were no statistically significant 
differences (1-paired test) between burned and unburned sites of the ecosystem with 
and without added urea. 

Results from a similar study [9] of a Missouri grassland showed that the 
decomposition rate was higher in the summer than in the winter and greater in areas 
where the surface biomass had been removed (burned or mowed site), probably as a 
result of higher temperatures in the bare soil, which may have induced higher microbial 
activity, a phenomenon that did not appear to occur in the p b g a n a  commuility. 

SoilNitrute Conrenr undNim~$icarion 

Since nitrogen is one of the limiting nutrients in Mediterranean-type ecosystems [17], 
and is easily lost through volatilization during fm [I] ,  we studied the nitrate content of 
the burned and unburned soils. 

Data on nitrate content in the upper 3 cm of both sites are shown in Fig. 4. In general, 
the burned soil contains more nitrates than the unburned soil during the whole period of 
our study. This difference could be interpreted in terns either of more intense 
nitrification in the burned site or of increased nitrate removal due to the higher plant 
biomass absorbing them in the unburned site. In order to test these two hypotheses, we 
estimated the soil nitrifying capacity in the laboratory. The results given in Fig. 5 show 
that immediately after the fire the nitrifying cavacity was low; but it smn increased and 
remained highe; in the burned site th~o"~hout the 2:yearpost-fire study period. 

An increase in soil nitrates after fm has been reported by several investigators [3 ,4 ,  
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Fig. 4. Soil niwre content in h e  upper3 cm of the burned and unburned rites ofthe phryganic ecosystem. 
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Fig. 5. Soil nitrifying capacity of the bumed and unburned rites of the phryganic ecosystem. 

81, especially for the California chaparral, and each repon has amibuted this increase to 
different causes: For instance, Christensen [3,4]  suggested that nivification occurs in 
the burned area after inhibitors have been inactivated, whereas DeBano and Dunn [81 
reported some heteromphic origin of niuiiication. At any rate, it is clear that nimfication 
is active andis intensified after fue, due toautomphic or heterotrophic activity resulting 
in plant recovery. 

Since phryganic ecosystems are often subjected to recurring fms, they appear to have 
developed adaptive strategies by which nitrogen is quickly replenished to maintain their 
stability. Interestingly, just after the fmt rains following the fre, the bumed site was 
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Fig. 6. Toral soil metabolism estimated as C02 released from the burned and h e  heunburned rites of the 
phryganic ecosystem. 

covered by leguminous species germinated from undesmyed seeds. Apm of this direct 
replenishment, nitrogen cycling in the soil, is quite important, since plant recovery after 
fm depends greatly on it. Although some plantspzcies utilize soil NH4 + fortheir growth . . 
and maintenance needs, traditio"ally it iB believed that NO,- is the form mos;easily 
taken up by plants, and NO,- production increases in burned areas. 

Soil C 0 2  Release 

Results dealine with soil res~iration measured as CO, released hom the soil are - - 
presented in Fig. 6. A strong seasonality in CO, clease was observed, characterized by 
high levels both at the end of spring, when tem&ramre ceases to be a controlling facto;. 
and durine autumn. when droueht is no loneer resmctive. - u u 

Statistical tests show that soil respiration in the fustpost-fire year does not differ in the 
burned and unburned sites. Herman and Kucera [9] came to the same conclusion for 
Missouri grasslands. 

During the second post-fre year total soil metabolism was greater at the burned site. 
The growth of herbaceous plants during the fmt  post-fm year and the subsequent 
production of more easily decomposed liner (herbaceous plants) available to the 
decomposers' subsystem could explain to some degree the above mentioned increase in 
soil respiration. 

A calculation of the total amount of C 0 2  produced between September 1976 and June 
1977 showed that 2528 g/rn2 was produced in the burned site, while 2483 g/m2 was 
produced at the unburned site. In the second period (July 1977-June 1978) the 
corresponding values were 2719 g/m2 and 2134 glm2. If the CO, release values are 
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transformed to energy equivalents using MacFadyen's conversion factorst 1131, an 
energy amountof 6826 kca/mz was used in the burned site between September 1976 and 
June 1977, which is slightly more than that used in the unburned soil (6704 kcal/m2). 
Between Julv 1977 and June 1978. theenerev values. 7342 kcallm2 (burned) and5761 -, . . 
kcal/m2(unbumed), differ significantly. 

Our data suggest that within approximately 4 months after fue in a phryganic system, 
the activity of microbial decomposers is almost the same at othenvise similar burned aid 
unburned sites. It appears that fire is not a catastrophic event in Meditemanean-type 
ecosystems. 
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