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 Fire alters soil organic matter inducing quantitative and qualitative changes that presumably will affect post-fire soil 
microbial recolonisation. Several studies have evidenced marked soil organic carbon reduction after moderate and 
high intensity fire, which limit the total recovery of microbial biomass during years. 
In order to evaluate the role of soil organic matter alteration in short-term microbial colonization process, we perform 
a preliminary experiment where unaltered soil from Sierra Nevada Natural Park was heated at 300 ºC during 20 
minutes in a muffle furnace (H300) to simulate a medium-high intensity fire. After heating, soil samples were 
inoculated with unaltered fresh soil, rewetted at 55-65% of water holding capacity and incubated during 3 weeks. At 
the same time, unheated soil samples were incubated under the same conditions as control (UH). In addition, trying to 
partially alleviate soil organic matter fire-induced alterations effects on microbial colonization, we include an organic 
amendment treatment (M

+
). So, part of heated and unheated samples were amended with a mix of ground 

alfalfa:straw (1:1) and soil microbial abundance and activity were monitored together with soil organic matter changes. 
Heating process reduces total organic carbon content. After one week of incubation carbon content in heated samples 
was lower than the control one, in both, amended and un-amended samples. 
Microbial biomass and respiration were negatively affected by heating. Ground mulching addition increase microbial 
biomass and respiration but was not enough to reach control values during the whole study. Nevertheless, viable and 
cultivable fungi and bacteria showed different pattern. After two weeks of incubation both, fungi and bacteria were 
higher in heated samples. Ground mulching addition appears to stimulate fungal response in both, heated and 
unheated samples. 
Preliminary results of this experiment evidence the transcendence of soil organic matter fire-induced changes on 
microbial colonization process and the importance to determine several microbial parameters to obtain a more faithful 
conclusion about microbial response. The organic amendment appears to alleviate partially heated-induced damage, 
highlighting the positive stimulation on fungal abundance in both, heated and unheated samples. 
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González-Pérez et al., 2004), which limit the total recovery 

of microbial biomass during years (Bárcenas-Moreno et al., 

2011b). Immediately after moderate soil heating we can 

find an increment in carbon availability accompanied by an 

increase in some microbial parameters as microbial 

respiration, bacterial growth or fungal and bacterial CFU 

(Bárcenas-Moreno & Bååth, 2009; Bárcenas-Moreno et al. 

2011ab), but long-term effect on soil ecosystem derivates 

1 INTRODUCTION 

Fire alters soil organic matter inducing quantitative and 

qualitative changes that presumably will affect post-fire 

soil microbial recolonisation. Several studies have 

evidenced marked soil organic carbon reduction after 

moderate and high intensity fire (Fernández et al., 1997; 
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according to Foster (1995). The soil organic C (SOC) was 

analysed using rapid dichromate oxidation of organic C 

(Walkley and Black 1934), and the dissolved organic C 

(DOC) was measured in non-fumigated soil samples, as 

reported for microbial biomass C  

Microbial activity was estimated measuring soil basal 

respiration by static incubation-titrimetric determination 

using NaOH trap and microbial biomass carbon (Cmic) was 

determined using fumigation-extraction (FE) (Vance et al. 

1987; Sims and Haby 1971). The number of viable and 

cultivable aerobic bacteria and fungi was estimated using 

the plate count method following Zuberer (1994). Tryptic 

Soy Agar (TSA) was used to isolate both total aerobic 

bacteria and fungi were grown on Rose Bengal 

Chloramphenicol (0.1 g l-1) Agar. Different dilutions were 

used in triplicate. The incubation temperature was 28º C 

for all groups, but different incubation times were used: 3 

days for aerobic bacteria and 4 days for fungi. 

3 RESULTS 

Heating process reduces total organic carbon content from 

7 ± 0.1 %C in UH to 3.7 ± 0.3 %C in H300. In spite of ground 

mulching addition was applied to partially relieve this 

organic carbon reduction, heated and amended samples 

showed slight higher values of total organic carbon than 

the heated and unamended ones after one week of 

incubation (4.4%). 

 

Figure 1. Microbial respiration rate measured 7, 15 and 21 
days after inoculation with fresh soil. UH= Unaltered-
control; UH-M

+
= Unaltered-control amended with ground 

mulching; H300= heated at 300 ºC 20 min; H300-M
+
= heated 

at 300 ºC 20 min. amended with ground mulching. Mean 
values ± standard error. 

in an important quantitative and qualitative changes in soil 

organic matter which will condition microbial colonization 

and ecosystem post-fire recovery.  

Post-fire managements focus on protect soil against 

erosion-risk can include organic amendment as mulching, 

logging litter, seeding application, etc. This kind of post-fire 

management to protect soil can influence soil microbial 

response as well, since these practices could be modifying 

post-fire condition to start microbial recolonisation. 

In this preliminary study we compare microbial response 

after soil laboratory heating to simulate a medium-high 

intensity fire with and without the influence of ground mix 

of alfalfa:straw (1:1), trying to isolate the possible 

nutritional influence of mulching application on microbial 

response  

2 METHODS 

In order to evaluate the role of soil organic matter 

alteration in short-term microbial colonization process, we 

perform a preliminary experiment where unaltered soil 

from Sierra Nevada Natural Park located at 2000 m 

altitude at “El Posteruelo” in Nigüelas municipal boundary 

(30457332E 4094725N). The vegetation is composed by 

alpine vegetation formed by creeping bearing shrubs with 

Genista versicolor Boiss., Cytisus oromediterraneus (Boiss.) 

Ribas Martínez and Berberis hispanica Boiss. & Reut. as 

main plant species . Soil in this area is classified as 

Cryochrept developed on mica schist as parent material 

and sandy loam texture according to U.S.D.A. classification. 

Soil was heated at 300 ºC during 20 minutes in a muffle 

furnace (H300) to simulate a medium-high intensity fire. 

After heating, soil samples were inoculated with unaltered 

fresh soil (1%), rewetted at 55-65% of water holding 

capacity and incubated during 3 weeks. At the same time, 

unheated soil samples were incubated under the same 

conditions as control (UH). In addition, trying to partially 

alleviate soil organic matter fire-induced alterations effects 

on microbial colonization, we include an organic 

amendment treatment (M
+
). So, part of heated and 

unheated samples were amended with a mix of ground 

alfalfa:straw (1:1) (2mg g
-1

 fresh soil) and soil samples 

were collected 7, 15 and 21 days after inoculation. 

The soil water content (SWC) was estimated by drying at 

105º C overnight each sampling in order to espress the 

result per g of dry soil. Particle size distribution was 

determined with a Bouyoucos hydrometer (Bouyoucos 

1951) and the water-holding capacity was determined 
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Figure 3. Viable and cultivable fungi and bacteria quantified 7, 15 and 21 days after inoculation. A) Unaltered-control; B) Unaltered-
control amended with ground mulching; C) heated at 300 ºC 20 min; D) heated at 300 ºC 20 min. amended with ground mulching. Mean 
values ± standard error. 

  

Microbial survival after soil heating was evaluated 

immediately after heating and before the establishment of 

treatments and incubation by microbial biomass carbon 

estimation, resulting in no surviving microorganisms in 

heated samples. H300 treatment hardly showed some 

recovery during the experiment. Ground mulching appears 

to stimulate microbial biomass in both, heated and 

unheated samples, although microbial stimulation in 

heated samples was not enough to reach the unaltered 

values in 3 weeks (Fig.1).  

During the first week microbial activity showed the highest 

values of the whole experiment in all treatments, 

decreasing with time. Heating treatment causes a marked 

decrease in microbial respiration. Mulching treatment 

induce an increment in soil microbial respiration in both, 

heated and unheated samples, although heated samples 

amended with mulching did not reach the respiration rate 

values of unaltered samples (Fig. 2), evidencing that the 

organic amendment applied was not enough to solvent soil 

organic matter fire-induced changes. 

 

Figure 2. Relative microbial biomass (Cmic) measured 
immediately after heating and before inoculation with fresh 
soil and 7, 15 and 21 days after inoculation. UH= Unaltered-
control; UH-M+= Unaltered-control amended with ground 
mulching; H300= heated at 300 ºC 20 min; H300-M+= heated 
at 300 ºC 20 min. amended with ground mulching. Mean 
values ± standard error. 



FLAMMA | Vol. 6 | 3 | 139-143 

142 

 
  

be stimulated by heating treatment and showed higher 

values to the control in two weeks after inoculation 

revealing part of microbial community that has the 

capacity to react and adapt to heating disturbance 

(Bárcenas-Moreno et al., 2011b, Bárcenas-Moreno et al., 

2014). 

The application of ground mulching showed partial 

stimulation of microbial community in both, heated and 

unheated samples, highlighting the effect on fungal 

community that appears to be specially stimulated by this 

organic amendment. The dominance of fungal 

decomposition of plant residues compared to bacteria has 

been reported previously (Neely et al., 1991) and 

evidences the importance of more deep studies to 

evaluate the ecosystem implication of the different post-

fire management. 

5 CONCLUSIONS 

Moderate intensity soil heating treatment alters soil as 

growth media for microorganisms, reducing microbial 

respiration and biomass compared to unaltered soil. 

Although part of the microbial population appears to be 

stimulates by heating-induced alteration as evidence 

fungal and bacterial CFU. The application of ground 

mulching stimulated soil microorganisms, specially fungal 

community, but deeper studies with more microbial 

parameters, different doses and plant residues are need to 

start to conceive real transcendence of this kind of post-

fire management on soil ecosystem functioning. 

ACKNOWLEDGEMENTS  

Acknowledgments: This research has been funded by the 
Spanish Ministry of Economy and Competitiveness, 
through research projects POSTFIRE (CGL2013-47862-C2-1-
R) and GEOFIRE (CGL2012-38655-C04-01) 

REFERENCES  

Bárcenas-Moreno G, Bååth E. 2009 Bacterial and fungal growth in 
soil heated at different temperatures to simulate a 
range of fire intensities. Soil Biology and Biochemistry 
41:2517-2526 

Bárcenas-Moreno G, Rousk J, Bååth E. 2011a. Fungal and 
bacterial recolonisation of acid and alkaline forest soils 
following artificial heat treatments. Soil Biology and 
Biochemistry 43:2023-2033 

Bárcenas-Moreno G, García-Orenes F, Mataix-Solera J, Mataix-
Beneyto J, Bååth E. 2011b Soil microbial recolonisation 

The microbial abundance of viable and cultivable fungi and 

bacteria showed a different pattern depending on the 

treatment. Heated samples showed higher abundance of 

viable and cultivable bacteria compared to the unheated 

ones, showing a marked increasing with incubation time. 

Mulching addition did not show marked differences in 

unheated samples, while appears to stimulate slightly 

bacterial proliferation in heated samples. On the other 

hand, fungal abundance showed different behavior. 

Unamended samples showed a marked decreased of 

fungal abundance due to heating process during the first 

week of incubation, increasing until reach the unheated 

samples values at the end of the experiment. Unheated 

samples amended with ground mulching mix showed 

higher values than the unamended ones during the whole 

experiment. While, heated and amended samples showed 

higher values than the control during the first week of 

incubation but it was decreasing slightly until the end of 

the incubation coinciding with the increase of bacterial 

abundance (Fig. 3). 

4 DISCUSSION 

Heating treatment applied to soil samples (300 ºC during 

20 min) was enough to alter carbon content quantitative 

and qualitatively, as have been evidenced in previous 

studies (Bárcenas-Moreno & Bååth, 2009; Bárcenas-

Moreno et al., 2014). In spite of total carbon content 

diminution after heating, carbon availability usually 

increases after low and moderate intensity fire evidenced 

by increases in DOC and microbial activity immediately 

after fire (Bárcenas-Moreno & Bååth, 2009; Bárcenas-

Moreno et al., 2011ab; Bárcenas-Moreno et al., 2014), 

nevertheless, in our study both, DOC and microbial 

respiration were below control values one week after 

inoculation. One possible explanation is that soil 

temperature reached during heating could had been 

higher than in other experiments damaging to a greater 

extent carbon content. Other possibility is that DOC 

produced immediately after fire was consumed by a rapid 

microbial growth of inoculated microorganisms and one 

week after inoculation DOC increases could have been 

neutralized and no visible. 

Microbial abundance estimated by Cmic was drastically 

reduced by heating and no recovery was evidenced in 3 

weeks, since several years can be required to recover the 

original microbial biomass after fire (Bárcenas-Moreno et 

la., 2011b). However fungal and bacterial CFU appears to 



FLAMMA | Vol. 6 | 3 | 139-143 

143 

 

Environment International 30:855-570. 
Neely CL, Beare MH, HJargrove WL, Coleman DC. 1991. 

Relationships between fungal and bacterial substrate-
induced respiration, biomass and plant residue 
decomposition. Soil Biology and Biochemistry 23:947-
954. 

Sims JR, Haby VA. 1971. Simplified colorimetric determination of 
soil organic matter. Soil Science 112:137-141. 

Vance ED, Brookes PC, Jenkinson DS. 1987. An extraction method 
for measuring soil microbial biomass C. Soil Biology and 
Biochemistry 19:703-707 

Walkley A, Black IA. 1934. An examination of the Degtjareff 
method for determining soil organic matter, and a 
proposed modification of the chromic acid titration 
method. Soil Science 37:29-38 

Zuberer DA .1994. Recovery and Enumeration of Viable Bacteria. 
In: Weaver RW, Angle JS, Bottomley PS (Eds.), Methods 
of Soil Analysis. Part 2-Microbiological and Biochemical 
Properties. Soil Science Society of America, Inc. Book 
Series nº 5. Wisconsin USA, pp 119-14. 

 

after a fire in a Mediterranean forest. Biology and 
Fertility of Soils 47:261-272Text. 

Bárcenas-Moreno G, García-Orenes F, Mataix-Beneyto J. 2014. 
Plant species influence on soil microbial short-term 
response after fire simulation. Plant and Soil 374: 701-
713. 

Bouyoucos GS (1951) Recalibration of the hydrometer method 
for making mechanical analysis of soil. Agronomy 
Journal 43:434-438. 

Fernández I, Cabaneiro A, Carballas T, 1997. Organic matter 
changes immediately after a wildfire in an Atlantic 
forest soil and comparison with laboratory soil heating. 
Soil Biology and Biochemistry 29:1-11 

Foster JC, 1995. Soil sampling, handling, storage and analyses. In: 
Alef K, Nannipieri P (Eds.), Methods in Applied Soil 
Microbiology and Biochemistry. Academic Press Inc., 
San Diego, p 49-121. 

González-Pérez JA, González-Vila FJ, Almendros G, Knicker H, 
2004. The effect of fire on soil organic matter-a review. 


