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Changes in physiological groups of microorganisms in soil 
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Abstract 

Physiological groups of soil microorganisms were investigated in a forest (Pinks pinaster Sol.) to asses their response to 
wildfire-induced soil changes. Microbial fluctuations were recorded 1 month and 1 year after the fire, both in the field and 
during controlled soil incubations. In both the burned and the unburned soil, starch-mineralizing microbes predominated over 
cellulose-mineralizing microbes; there were a relatively high number of ammonium-producers, whereas nitrite and nitrate 
producers were scarce. In the short term, burning produced a decreasing to nearly undetectable number in cellulase-pro- 
ducers whilst amylase-producers, and especially, ammonifying microbes increased, and the nitrifying groups did not change. 
One year after the wildfire, the burning effect was slightly overcome by cellulolytic microorganisms and the amylolytic 
population was slightly decreased; the improvement of ammonifiers was reduced, ammonium oxidizers were positively 
affected and nitrite oxidizers continued to be unaffected by the fire. The trends of populations during soil incubation 
indicated that, in the long term, the effect of burning will probably be nil on ammonifiers, somewhat negative on cellulolytic 
and amylolytic microbes and slightly positive on nitrite- and nitrate-formers. 

Ke,werds: Microbes: Nitrifiers; Ammonifiers; Cellulase-producers; Amylase-producers; Forest: Burning 

1. Introduction 

The degree to which soil properties are affected 
by burning and the time they remain different are 
largely related to fire intensity [l]. The effect is 
relatively moderate in prescribed or controlled bum- 
ing and high in uncontrolled burning. Soil alterations 
derived from prescribed burning have been widely 
studied, but concern about wildfires has notably 
increased as uncontrolled fires become more numer- 
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ous and widespread and the consequences regarding 
soil degradation are commonly disastrous. Edaphic 
microorganisms are essential in nutrient transforma- 
tions and they are very sensitive to stresses resulting 
from ecosystem disturbance. There is, however, little 
knowledge on microbial reaction to soil burning and 
most investigations have concentrated on prescribed 
burning [2] and on taxonomic groups of microbes [3]. 
Partial or total soil sterilization immediately after a 
fire has been reported [2]; however, rapid recoloniza- 
tion by microbes present beneath sterilized soil lay- 
ers or in the environment occurred [2,3] and, there- 
fore, microbial response to burning probably will 
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depend mainly not on the initial effect but on the 
substrate changes induced by the action of both heat 
and ash [ 1,4]. 

This study examines the fluctuations of soil mi- 
crobes involved in the carbon and nitrogen cycles 
following a forest wildfire. The different physiologi- 
cal groups were estimated 1 month and 1 year after 
soil burning both in the field and during soil incuba- 
tions. 

2. Materials and methods 

2.1. The area 

The research area was a temperate humid Atlantic 
European forest (30 years old Pinus pinaster Sol.) 
located in Costa Requeixo (Galicia, NW Spain; Uni- 
versal Transverse Mercator: 29TNH29 191, 140 m 
above sea level. The mean daily temperature ranged 
from 8.O”C to 18.O”C, with highest temperatures in 
summer (July-August) and the lowest in winter (De- 
cember-January). Annual precipitation was 1822.6 
mm; 38% and 32% of the rainfall occurred in winter 
and autumn, respectively, and 17% and 13% in 
summer and spring, respectively. During the summer 
all the trees and shrubs were burned to the ground, 
and the litter and humus layers were almost totally 
incinerated to a depth of 5-7 cm by wildfire. Two 
plots of 10 m X 10 m, one burned and another 
outside the margin of the fire, situated on a nearly 
level stretch (O-2% slope range) to avoid erosion, 
were used for the experiments. Each plot was di- 
vided in 10 m’ sub-plots to obtain replicated sam- 
ples. Studies were carried out 1 month and 1 year 
after the fire. 

2.2. Soil sampling and treatment 

The soil is a Humic Cambisol over granite with a 
30 cm deep A horizon very rich in organic matter 
(organic C = 98.4 g kgg’, organic N = 6.0 g kg-‘), 
pH 4.6 and coarse sandy loam texture. Sampling and 
sample manipulation were performed using sterilized 
materials, under aseptic conditions, avoiding expo- 
sure of the samples to heat or dryness. From each 
plot, 50 subsamples of 200 g, were collected from 
the top O-5 cm of the umbric horizon. Samples were 

placed in 2-l Erlenmeyer flasks with cotton stoppers 
and immediately transferred to the laboratory in con- 
tainers. The moist soil was sieved through a 4-mm- 
mesh sieve after removing large pieces of plant 
debris and fauna, and the sub-4 mm fraction was 
used for all subsequent analyses. Soil incubation of 
randomly distributed soil subsamples was carried out 
to determine the response of microbial populations to 
burning, under favourable conditions. Triplicate por- 
tions (40 g each) of the unburned and the burned soil 
at 90% of field capacity were separately incubated in 
500-ml bottles for 30 days at 22°C. Incubation was 
run in a sunlight chamber (about 300 lx) with 8 h 
periodic cycles of light and dark. Microbial counts 
were made at 0, 1, 3, 5, 7, 10, 15, 20 and 30 days of 
incubation. 

2.3. Microbial analyses 

Sterile distilled water (360 ml) was added to each 
40-g soil subsample and mixed for 10 min in a 
magnetic stirrer. The soil suspension was diluted in 
IO-fold series in 250-ml bottles, and 5 test-tubes 
containing liquid media were inoculated from each 
dilution. All microbial groups were enumerated by 
the most probable number technique after 6 weeks of 
incubation at 28°C. Cellulase-producing microbes 
were enumerated in tubes with 10 ml of medium 
containing (1-l): 1.0 g K,HPO,, 0.5 g MgSO,. 
7H,O, 0.3 g NH,NO,, 0.01 g NaCl, 0.01 g CaC12, 
20 mg Fe,(SO,), .7H,O, 20 mg MnSO, and 0.2 g 
yeast extract at pH 6.0. This medium is suitable for 
the development of most cellulolytics microbes, both 
bacteria and fungi, from this kind of soil. One strip 
(10 X 1 cm) of cellulose filter paper was placed into 
each tube; the breakdown of the paper was positive 
evidence of growth of cellulolytic microorganisms. 
Amylase-producers were cultured in the same saline 
medium but using 0.2% soluble starch instead of 
cellulose strips. Lugol’s iodine reagent was used to 
test the hydrolysis of starch. Ammonifiers were eval- 
uated in Winogradsky’s saline solution plus oligoele- 
ments and L-asparagine as the only N and C source. 
Nessler’s reagent was used for assessing the pres- 
ence of NH 3. Chemoautotrophic NH:-oxidizing bac- 
teria were cultured in 5 ml of ammonium-calcium 
carbonate medium containing (1J ‘>: 0.5 g 
(NH&SO,, 7.5 g CaCO,, 1.0 g K,HPO,, 0.3 g 
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NaCl, 0.3 g MgSO,. 7H,O, 20 mg FeSO,. 7H20 
and trace elements at pH 7.0. Griess-Ilosvay’s 
reagent was used to detect the presence of ammo- 
nium oxidizers in tubes. Nitrite-calcium carbonate 
medium for chemoautotrophic NO,-oxidizing bacte- 
ria was similar except for NaNO, instead of 
(NH,),SO,. Diphenylamine-sulphuric acid reagent 
was utilized to check positive tubes. 

All results were obtained by triplicate determina- 
tions and are expressed on the basis of oven-dry 
(110°C) weight of soil. The data were transformed to 
log ,” (X + 1) and processed by a standard analysis 
of variance. Tukey’s honestly significant difference 
(HSD) procedure was applied to separate the means. 
Two-way analysis of variance was used to quantify 
the percentage of microbial variation attributable to 
the factors burning and time of incubation. 

Fig. 1. Cellulolytic microorganisms during incubation of soil 
sampled one month and one year after wildfire. 

3. Results and discussion 

Both in the burned and in the unburned soil, the 
amylase-producers predominated over the cellulase- 
producers, and there were relatively high numbers of 
ammonifiers, whereas both the NH:-oxidizers and 
the NOT-oxidizers were scarce, a common distribu- 
tion of microbial groups in many soils [5,6]. In spite 
of the invariance of this superior structure, microor- 
ganisms involved in the C and N cycles underwent 
considerable alterations due to soil burning and the 
different microbial groups reacted differently to the 
wildfire-induced soil changes. 

3. I. Cellulose-mineralizers 

One month after the forest wildfire, the number of 
cellulose-decomposing microorganisms in the burned 
soil had diminished by more than 3 logarithmic 
orders compared to the unburned soil (Table 1). 
During incubation, the burned and the unburned soil 
populations did not follow the same pattern (Fig. 1). 
The burned soil always had significantly lower counts 

of cellulose-degraders than the unburned soil; the 
average numbers (15 microbes gP ’ soil) represented 
a lessening of 3 orders of magnitude compared to the 
unburned soil mean. The differences between the 
cellulolytic populations in the burned and the un- 
burned soil could mainly be explained by burning, 
responsible for almost all the soil variance (91%) 
whereas the effect of elapsed time as well as the 
interaction burning-time were negligible. Some au- 
thors reported quantitative and qualitative changes in 
C compounds due to soil heating [1,4]; therefore, 
substrate alterations could be the cause of the poor 
growth of cellulolytic microbes within 1 month after 
the fire. Also, it is likely that, because fungi are an 
important part of cellulose-degrading microorgan- 
isms in forest soils, the reduction of this group might 
be related to the death of fungal populations due to 
the soil burning as was determined by Vazquez et al. 
[3] in the same soil studied. 

One year after the fire, the cellulolytic population 
of the burned soil was larger than 1 month after the 
fire (Table 1). Nevertheless, numbers remained ex- 

Table I 
Microbial population of the soil (microorganisms g-’ soil; mean + S.D.) 

Treatment Time after fire Cellulolytics Amylolytics (X IO’) Ammonifiers (X 106) Ammonium oxidizers Nitrite oxidizers 

5 

Month 
0 , , , , , , , 

0 5 10 15 20 25 30 0 5 10 15 20 25 30 
Days 

Unburned 1 month 15849.6 + 3220.2 2.0 + 0.6 2.5 f 0.7 16.3 f 9.3 16.4 i 8.2 
I year 3162.2 k 862.0 4.0 rfr 0.9 3.2 f 0.8 79.6 f 6.3 13.2+9.1 

Burned I month 6.3 5 5.1 5.0 + 2.1 79.0 + 10.6 13.5 f 5.1 13.0 + 11.5 
I year 50.4 + 10.3 2.5 & 1.2 5.0 f 3.2 200.7 + 25.2 16.0 + 12.2 
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tremely low, with a decrease of 2 logarithmic orders 
in respect to the unburned soil. During incubation, 
the burned soil always had significantly lower num- 
bers of cellulolytic microorganisms than the un- 
burned soil, the greatest decrement being 2 logarith- 
mic orders (Fig. 1). The average ( 104 microbes g-~ ’ 
soil) in the burned soil represented a decrease of 
27-fold. Although the burning effect had diminished 
after 1 year as compared to I month after the fire, 
burning continued being the unique factor signifi- 
cantly controlling the cellulolytic population be- 
haviour (80%) during soil incubation. The fact that 
the growth of microbes on cellulose is often slower 
than on other compounds [6] could be a reason for 
the slow recovery of this microbial group in the 
burned soil. 

3.2. Sturc,h-minrrnli-ers 

In the burned soil, whether in the short (I- = 0.60, 
P < 0.05) or in the long time (r = 0.62, P 5 0.05) 
after the fire, the development of both cellulolytic 
and amylolytic enzymes producers were correlated. 
In the short term, the starch-decomposing microor- 
ganisms were favoured by burning (Table I). During 
soil incubation, the amylolytic populations followed 
similar patterns (r = 0.98, P I 0.001) in the burned 
and the unburned soil (Fig. 2). Throughout the incu- 
bation period, the burned soil showed higher nun- 
bers of amylolytic microbes than the unburned soil. 
The average number of microorganisms in the burned 

0 5 10 15 20 25 30 

0 "nburne 
‘ear . mrnecl 

I I I I I I I 
0 5 10 15 20 25 30 

-I 

Fig. 2. Amylolytic microorganisma during incubation of soil 

sampled one month and one year after wildfire. 

soil (2.3 X lOh microbes g- ’ soil) was 4-fold greater 
than that of the control soil. Most of the variation 
(74%) in the amylolytic population was accounted 
for by time, whilst burning was responsible for a 
much lower (7’S), although significant, percentage of 
variation. Usually, starch-degraders constitute an im- 
portant part of the soil microbial population [.5,6]. 
Yet. the short term increase in amylolytic microbes 
was probably a consequence of the great increase in 
total microbes in the burned soil [3]. 

One year after the burning, the amylolytic popula- 
tion in the heated soil was half that found I month 
after the fire (Table I ). During incubation, the burned 
soil always had a lower number of amylolytic mi- 
crobes than the unburned soil and the negative effect 
of burning increased after 2 weeks of incubation, the 
maximum difference (I order of magnitude) being 
found at the end of incubation. The average number 
of the amylase-producers in the burned soil (2.2 X 

IO’ microbes g- ’ soil) was not significantly differ- 
ent from that of the unburned soil. The effect of 
burning on the variation in the amylolytic population 
was almost negligible (4%) and the effect of time 
decreased (20%), while the interaction between burn- 
ing and time (I 2%) increased and most of the varia- 
tion (63%) was attributable to unknown factors. 

One month after the fire, the ammonifying mi- 
croorganisms in the burned soil had increased by 
32-fold as compared to the control soil values (Table 
I). During soil incubation. counts of ammonifiers 
were significantly greater in the burned than in the 
control soil at all sampling times (Fig. 3). The 
greatest increase caused by burning was of 63-fold 
but the effect tended to diminish over time. The 
average number of ammonifiers in the burned soil 
(5.2 X IO’ microbes g ‘> was l6-fold greater than 
that of the unburned soil. Most of the variation 
(73%) in the number of ammonifiers was accounted 
for by burning; time and interaction between burning 
and time were not significant. The ammonifiers’ 
behaviour corresponded closely (r = 0.77, P I 0.01) 
with that of the entire microbial population deter- 
mined by VSzquez et al. [3] in the soil studied; this is 
congruent with the finding of Acea and Carballas [5] 
that up to 99% of the microbes of different forest 
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Month 
6 ,,,,,,I 

0 5 10 15 20 25 30 

0 Unburned 
*Burned 

i:::-: 

0 5 10 15 20 25 30 
k 

0 5 10 15 20 25 30 

Fig. 3. Ammonifying microorganisms during incubation of soil Fig. 4. Amonium-oxidizing microorganisms during incubation of 
sampled one month and one year after wildfire. soil sampled one month and one year after wildfire. 

soils were able to liberate NH:-N from organic N 
compounds. In addition, the high number of am- 
monifiers could be the reason for the rise in NH:-N 
observed by Prieto-Fernandez et al. [7] in the burned 
soil studied. Increases in NH:-N due to burning 
were also found in an ample range of different soils 
[1,8,91. 

One year after the fire, the ammonifiers had de- 
creased by 16-fold in the burned soil and the positive 
effect of the fire almost disappeared (Table 1). Dur- 
ing incubation, the burned soil consistently had 
greater numbers of ammonifying organisms than the 
unburned soil; however, the effect of the fire on the 
population tended to be nullified (Fig. 3). The aver- 
age number of ammonifiers in the burned soil (5.0 X 

1 Oh microbes g- ’ soil) doubled that in the unburned 
soil. Burning was a significant factor in the fate of 
soil ammonifiers; yet, its impact (30%) was notably 
lessened compared to that of the 1 month after the 
fire samples; time and the interaction burning-time 
were not significant, and the microbial variation was 
mainly (54%) residual. 

3.4. Nitrijiers 

One month after the fire, the density of NH:- 
oxidizers did not differ in the burned and the control 
soil (Table 1). During incubation, the burned soil had 
lower NH:-oxidizing populations than the unburned 
soil (Fig. 4), the greatest difference being around 
13-fold, which tended to lessen over time. The aver- 

t 
Month 

0 Unburned 

fear l Burned 

I I I I I I I 
0 5 10 15 20 25 30 

age (25 microbes g- ’ soil) number of the NOT-for- 
ming bacteria in the burned soil was 6-fold lower 
than that in the unburned soil. Burning (26%), time 
of incubation (21%) and the interaction between 
burning and time (15%) were significant factors in 
explaining the ammonium oxidizers response to 
burning; however, a residual 38% of variation was 
not explained by these factors. A similar number of 
NO;-oxidizing bacteria were found in both the con- 
trol and the burned soil in the short term after the 
fire (Table 1). After the first week of incubation 
(Fig. 51, the burned soil had lower values than the 
untreated soil, the maximum decrement (g-fold) be- 
ing found at day IO of incubation; then, the differ- 
ences between both soil samples tended to lessen. 

4, 

E 3 
.u, 
ii 

I 

Month 
e 
E k 

0 Unburnec 
Year . Burned 6 , , , , , , , 

0 5 10 15 20 25 30 0 5 10 15 20 25 30 
Days 

Fig. 5. Nitrite-oxidizing microorganisms during incubation of soil 
sampled one month and one year after wildfire. 
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The average (16 microbes g- ’ soil) number of 
NO;-producers during the incubation was almost 
half that of the unburned soil. An important amount 
(61%) of the total variation in the number of nitrite 
oxidizers was residual and only 7% and 16% could 
be explained, respectively, by burning and time, the 
other 16% corresponding to the interaction burning- 
time. Since, in the short term, burning did not stimu- 
late the growth of neither ammonium oxidizers nor 
nitrite oxidizers, the response of nitrifiers to the 
wildfire was different from that of ammonifiers (Fig. 
3) and the reported overall population [3]. Jones and 
Richards [lo] also found that in periodically burned 
forest soils, autotrophic nitrifiers developed more 
slowly than the total population or ammonifying 
microbes. Meiklejohn [l l] stated that nitrifying bac- 
teria in different soils were eliminated or reduced to 
a very few by burning. Likewise, in a prescribed but 
intense burning over chaparral soils, the populations 
of ammonium oxidizers and nitrite oxidizers re- 
mained low in the first year following fire [8], al- 
though ammonification was notably increased. Con- 
versely, Ahlgren and Ahlgren [12] reported an in- 
crease in the activities of the NH:-oxidizers and 
NOT-oxidizers after burning and they hypothesized 
that such activation resulted from a rise in pH. The 
small increase in pH (from 4.5 to 4.9) due to burning 
in this soil was probably insufficient to affect nitri- 
fiers [ 131. 

One year after the burning, the population of 
ammonium oxidizers in the burned soil surpassed by 
25fold the unburned soil value (Table 1). During 
incubation, initially the burned soil had lower values 
than the control soil, the maximum difference (1 
logarithmic unit) found at the first week of incuba- 
tion; however, population of the burned soil prolifer- 
ated constantly and at the end of incubation the 
count was 4-fold that of the unburned soil. The 
average number (1.4 X 10’ microbes g- ’ soil) of 
bacteria in the burned soil was 4-fold lower than the 
unburned soil values. Most of the variability of 
ammonium oxidizers was explained by time of incu- 
bation (48%) and interaction between time and bum- 
ing (23%) whereas burning by itself was not signifi- 
cant and most of the variation was residual. NOT- 
oxidizers had not changed in respect to those 1 
month after the fire (Table 1). During the first days 
of incubation, microbial proliferation was slower in 

the burned than in the control soil; the maximum 
decrease (50-fold) owing to burning was found after 
5 days of incubation. However, the bacteria were 
able to grow rapidly in the burned soil and in the last 
days of the incubation there was an increase of 
6-fold derived from burning. The average number 
(108 microbes g-’ soil) of microorganisms in the 
burned soil was 5-fold lower than in the control soil. 
Burning was an insignificant factor in determining 
the development of NOT-forming bacteria; thus, most 
of the population size variability (63%) was ex- 
plained by time of incubation and by the interaction 
between time and burning (23%). Chemoautrotrophic 
and photoautotrophic organisms behaved similarly in 
response to soil burning; thus, in the burned soil the 
NO,-producers were significantly related with algae 
( r = 0.67, P I 0.05) and cyanobacteria (r = 0.60, 
P < 0.05), whose trends were described previously 
by Vazquez et al. [3]. 

Both the burned and the unburned soil possessed 
a relatively low number of nitrifying bacteria, which 
is in concordance with the low NO;- and NO-;-N 
content and production rate [7] and with the fact that 
a lack of nitrifiers is normal in many acid forest soils 
[5,14,15]. Whether 1 month or 1 year after the 
wildfire, the NH:-oxidizing and NO;-oxidizing pop- 
ulations behaved similarly during soil incubation in 
both the burned (1 month: r = 0.97, P < 0.001; 1 
year: r = 0.80, P 5 0.01) and the control (1 month: 
r=0.84, P10.001; l year: r=0.85, P<O.OOl) 
samples. These correlations were explained by the 
former microbes providing the substrate required by 
the latter and it was in agreement with the results 
found in other forest soils [5]. It is worthwhile to 
point out that, in the unburned soil, the nitrifiers 
followed, during incubation, trends somewhat oppo- 
site to that of the ammonifiers (I = - 0.84, P 5 
0.001 for ammonium oxidizers; r = - 0.60, P s 0.05 
for nitrite oxidizers) and also to that of the entire 
population (r = -0.88, P 5 0.001 for ammonium 
oxidizers; r = - 0.73, P 5 0.01 for nitrite oxidizers), 
which had been determined by Vazquez et al. [3]. 
Other authors [lo], by means of incubation experi- 
ments with different forest soils, demonstrated that 
nitrifying bacterial growth was slower than that of 
the total population and the ammonifying microbes 
and it has been suggested [ 16,171 that, because the 
use of reduced C as electron donor is more efficient 
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than the use of NH:, the autotrophic nitrifiers were 
poor competitors with heterotrophic microorganisms 
for available NH: until the energy sources for the 
heterotrophes were depleted. 
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