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The aim of this study was to evaluate the fire effects on the AMF spore communities and soil chemical
properties as well as the existence of possible correlations between them in the Chaco Serrano Forests
of central Argentina. Our hypothesis is that the fire has a negative impact on the community of AMF
spores (i.e. density, diversity, richness and evenness) and soil chemical properties. In addition, we expect
to find a high correlation between changes in the communities of fungi and soil chemical properties. We
selected five areas in the “Sierras Pampeanas” mountain ranges within the Chaquean region in central
Argentina. In each of them we selected adjacent burned and unburned forest sites. Burned sites have
all the same time since fire occurrence (August-November 2009) and soil samples were collected in
autumn (April) and spring (November) in 2010. The fire events had direct negative effects on AMF spore
communities. Evenness, and notably diversity and richness of AMF spores decreased in the burned sites.
Density of AMF spores was not affected by fire. With the exception of C:N, nitrate and electrical conduc-
tivity, soil parameters showed significant differences between burned and unburned sites. The changes in
AMF spore composition were not significantly correlated with most of the soil variables measured here.
The results of this study suggest that fire occurrence negatively affect AMF communities. These effects do
not seem to be mediated by changes in soil abiotic properties. Rather, they suggest direct effects of fire on
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soil fungi.
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1. Introduction

Disturbances alter biological diversity (Bengtsson et al., 2002).
Fire is among the most widespread disturbance that affects biolog-
ical organisms, either directly or indirectly (Busse and DeBano,
2005). Direct effects mainly include reduction or elimination of
the aboveground and belowground biomass, loss of soil organic
horizon, and increase in soil temperature and ash deposition.
Among the indirect effects, changes in soil properties such as or-
ganic matter, carbon, nitrogen, phosphorus, pH are frequently re-
ported (e.g. Neary et al., 1999; Certini, 2005; Kara and Bolat,
2009; Dias et al., 2010; Longo et al., 2011; Switzer et al., 2012;
Wang et al., 2012; Williams et al., 2012).

Among belowground organisms, arbuscular mycorrhizal fungi
(AMF) are known to colonize the majority of land plants and provide
them with access to soil nutrients in return for carbon compounds
(Smith and Read, 2008). Because AMF taxa differ in their effects on
plant growth, the composition of AMF communities influence the
structure of plant communities (van der Heijden et al., 2008).
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After severe disturbances such as fire, AMF mycelium is im-
paired and spores could act as source of plant colonization. Plant
establishment after fire might depend on the composition of AMF
spores in soil. Although many studies have evaluated the direct ef-
fects of fire on AMF the results are contradictory, reporting either
negative (e.g. Dhillion et al., 1988; Valarifio and Arine, 1991;
Allsopp and Stock, 1994), neutral (e.g. Bellgard et al., 1994; Rashid
et al., 1997; Treseder et al., 2004; Haskins and Gehring, 2004;
Docherty et al., 2012), or positive effects on spore abundance
(Eom et al., 1999; Moreira et al., 2006). Prescribed burning in grass-
land increased the total number of spores, mainly of Glomus etunic-
atum and G. fecundisporum, reduced the diversity and did not
reduced mycorrhizal infection (Eom et al., 1999). Furthermore, in
N.W. Spain wildfire reduced the number of spores in the soil and
negatively affects the viability of spores of Aculospora leavis
(Valarifio and Arine, 1991). Indirect effected of fire, such as the
alteration of soil nutrients availability might also cause changes
in the AMF spore communities, usually reflected by a decrease in
the number of AMF propagules (Allen et al., 1984). It is hard to gen-
eralize the effects of fire on the HMA. The response of this group of
organisms to fire differed substantially in both the direction and
magnitude of their responses. Those differences in AMF response
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Table 1
Location and year of fire occurrence at each study area.

Area Fire Latitude (°S) Longitude (°W) Elevation (m a.s.l.)
Agua de Oro (AO) 2009 31° 02’ 30.95” 64° 19' 29.73” 902
Salsipuedes (SA) 2009 31° 07" 10.20” 64° 17' 03.90” 743
La Serranita (LS) 2009 31° 45’ 56.75" 64° 28’ 14.92" 659
Cuesta Blanca (CB) 2009 31° 30’ 04.87" 64° 35' 27.58” 847
Bialet Massé (BM) 2009 31° 17’ 55.46" 64° 29’ 42.59" 770

@ > 1500 m
@ 900 - 1500 m

@ 500 - 900 m

Fig. 1. Location of the five study areas in the Sierras Pampeanas within the Chaquean mountains region in central Argentina.

to fire might be related to variation in the fire characteristics
(intensity, duration, wildfire vs. prescribed fire, time after burning,
among other factors).

In the Chaco Forest of Argentina, the effects of certain types of
disturbances, such as plant removals and forest fragmentation,
on AMF spore communities have been recently documented (e.g.
Urcelay et al., 2009; Grilli et al., 2012). However, no studies have
evaluated fire effects, which constitute one of the most frequent
disturbances in the vegetation of the Chaco Forest (Zak et al.,
2004). Therefore, experimental designs including replicates of the
fire/non-fire situation keeping the above mentioned variables fixed
are highly desirable. We selected five areas in the “Sierras Pampe-
anas” mountain ranges within the Chaquean region in central
Argentina in order to assess the impact of fire on AMF spore com-
munities and chemical soil properties as well as the existence of
possible correlations between them. In each area we selected adja-
cent burned and unburned forest sites. Our hypothesis is that the
fire has a negative impact on the community of AMF spores (i.e.
density, diversity, richness and evenness) and soil chemical prop-
erties. In addition, we expect to find a high correlation between
changes in the communities of fungi and soil chemical properties.

2. Materials and methods
2.1. Study area

The study region is located in the Chaco Serrano District in Cor-
doba province, Argentina. This district belongs to the Chaquean re-
gion that constitutes South America’s most extensive dry seasonal
forest (Cabrera, 1976; Moglia and Giménez, 1998), and covers in
Cérdoba, Argentina an area between 29° and 33° 30’ (S), ranging
in elevation from 400 to 1300 m above sea level. Soils are lithosolic
(Vazquez et al., 1979) sandy, well drained and shallow (Gorgas and

Tassile, 2003). This type of forest is characterized by an open tree
stratum that is up to 15 m high and is dominated by Zanthoxylum
coco Gillies ex Hook. f. & Arn. (Rutaceae) and Lithraea molleoides
(Vell.) Engl. (Anacardiaceae); shrubs (1-3 m) primarily dominated
by Celtis ehrenbergiana (Klotzsch) Liebm. (Celtidaceae) and Acacia
spp. (Fabaceae); herbs and grasses (0-1 m) and numerous vines
and epiphytic bromeliads (Luti et al., 1979). The annual rainfall
(750 mm) is concentrated mostly in the warm season (October-
April), with mean maximum and minimum temperatures of
26 °C and 10 °C respectively (Luti et al., 1979; Moglia and Giménez,
1998). In these forests most fires are human caused, either by acci-
dent or related to farming practices. It has been estimated that fires
present a return interval ranging from 2 to 15 years. They generally
occur at the end of the dry season, from June to November
(Miglietta, 1994). In these ecosystems, woody vegetation is
dominated by species that resprout after fire (Gurvich et al,
2005; Giorgis, 2012; Torres et al., 2013). Nonetheless, in the short
term, burned sites show more open and lower statured vegetation
than unburned ones (Giorgis, 2012). One year after fire occurrence,
in unburned sites the herbaceous vegetation was dominated by
grasses while burned sites are dominated by forbs (Verzino et al.,
2005). Soil properties are strongly affected by fires in these ecosys-
tems; the fire promotes lower organic matter and higher levels of
nitrate in soil (Abril and Gonzalez, 1999).

2.2. Sampling design and soil collection

Five study areas were selected (Table 1 and Fig. 1). In each area,
nearby burned and unburned sites were studied. Burned sites have
all the same time since fire occurrence (August-November 2009)
and soil samples were collected in autumn (April ) and spring (Novem-
ber) in 2010. In each site, ten samples of soil (10 replicates x site)
spaced by 5 m were randomly collected in a single plot with a soil
corer at 0-15 cm depth (2 sites x 5 areas x 2 seasons, total = 200).
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Table 2
Relative density (%) of arbuscular mycorrhizal fungi (AMF) spores isolated from five areas of Chaco Serrano Forest, Cérdoba-Argentina (n = 100). m = mean; se = standard error. Ns,
non significant; p > 0.1; p<0.1; "p<0.05; “p<0.01.

AMF
Family Specie % Relative density
Unburned Burned p Total
mtse m +se
Glomeraceae Septoglomus constrictum 0.33 £0.03 0.67 £0.07 20.91
Glomus aggregatum 0.55+0.1 0.45+0.12 Ns 0.63
Glomus coremioides 0.62 +0.14 0.38+0.12 Ns 0.74
Glomus sp. 1 0.52+0.11 048 +0.13 Ns 5.41
Glomus sp. 2 0.49+0.13 0.51+0.12 Ns 3.73
Glomus sp. 3 0.49£0.12 0.51+0.18 Ns 2.02
Glomus sp. 4 0.43 +0.06 0.57 +0.08 Ns 11.53
Glomus sp. 5 0.28 £0.12 0.72+0.29 Ns 1.11
Glomus sp. 6 0.55+0.3 0.45+0.17 Ns 0.46
Glomus sp. 7 0.47 £0.05 0.53 £0.07 Ns 15.30
Glomus sp. 8 0.32+0.16 0.68 +0.31 Ns 0.37
Glomus sp. 9 0.64+0.13 0.36 +0.09 : 3.57
Glomus sp.10 0.52£0.24 0.48 £0.32 Ns 0.87
Glomus sp. 11 0.48 +0.23 0.52+0.28 Ns 0.25
Entrophosporaceae Claroideoglomus claroideum 04+0.14 0.6+0.17 Ns 1.59
Claroideoglomus sp. 0.81+0.18 0.19 +0.08 1.70
Entrophospora infrequens 0.86+0.2 0.14 +0.06 0.62
Acaulosporaceae Acaulospora cavernata 0.52 +0.06 0.48 +0.08 NS 6.76
Acaulospora rehmii 0.89+0.17 0.11 +0.07 1.71
Acaulospora scrobibulata 0.77 £0.12 0.23 +0.07 4.01
Acaulospora sp. 1 0.74+0.15 0.26 +0.08 1.29
Acaulospora sp. 2 0.48 +0.19 0.52+0.19 Ns 1.72
Acaulospora sp. 3 0.45+0.18 0.55+0.21 Ns 043
Dentiscutataceae Dentiscutata biornata 0.66 £ 0.06 0.34 £0.05 6.20
Fuscutata heterogama 0.93+0.23 0.07 +0.03 0.42
Gigasporaceae Gigaspora gigantea 0.76 +0.12 0.24 +0.09 1.61
Gigaspora sp. 1 0.81+0.14 0.19 +0.06 1.24
Gigaspora sp. 2 0.55+0.14 0.45+0.13 Ns 1.34
Gigaspora sp. 3 0.81+0.14 0.19 £0.06 1.09
Racocetraceae Racocetra gregaria 0.9+0.22 0.1+0.05 0.50
Scutellosporaceae Scutellospora sp. 0.59+0.18 0.41+0.14 Ns 0.55
Ambisporaceae Ambispora jimgerdemannii 1£0.29 0+0 0.33
Table 3

Generalized linear mixed model outputs of AMF spores community (density, diversity, richness and evenness) in the rhizosphere of each study area (5 burned and 5 unburned)
in Chaco Serrano Forest, Argentina (n = 100). Fire = F; Area = A; Unburned = Unb; Burned = Bur; m = mean; se = standard error. Ns, non significant; p > 0.1; ‘p<0.1; "p <0.05;

p<0.01.

AMF Density Diversity Richness Evenness
Term m * se F p m * se F p m *se F p m * se F p
F Unb 123.24£2.53 3.61 ) 1.81+0.03 257.88 8.61£0.2 202.71 0.85 £0.01 55.76
Bur 117.76 £3.35 1.2+0.04 5.16+0.19 0.75 +0.01
A AO 115.48 +3.91 7.78 1.41+0.08 5.18 6.25 +0.42 5.63 0.79 +0.02 1.01 Ns
SA 110.02 £4.27 1.44 £ 0.08 6.58 £ 0.42 0.78 £0.02
LS 113.45 £4.31 1.43 +0.06 6.43 +0.35 0.79 +0.02
CB 142.31+5.39 1.66 +0.07 8.05 +0.45 0.82 +0.01
BM 121.22 £3.82 1.57 £ 0.06 7.13£0.37 0.82 +£0.01
F*A Unb * AO 118.1+4.77 0.36 Ns 1.79 +0.05 2.32 . 8.3 +0.44 1.21 Ns 0.86 +0.01 4.06
Bur * AO 112.87 £6.27 1.03 +0.07 42+027 0.73 £0.04
Unb * SA 115.73 + 4.06 1.78 £0.05 8.55+0.43 0.84 +0.02
Bur * SA 104.32 + 7.41 1.09 + 0.09 46+0.34 0.72 +0.04
Unb *LS 113.76 £5.01 1.71 £ 0.06 7.8+0.4 0.84 +0.01
Bur *LS 113.13+7.16 1.15+0.07 5.05+0.39 0.73 £0.02
Unb * CB 143.75+7.4 1.99 +0.05 9.8+0.47 0.88 +0.01
Bur * CB 140.88 + 8.02 1.33 £ 0.06 6.3 £0.54 0.75 +0.02
Unb * BM 124.84 £4.7 1.77 £ 0.05 8.6+0.41 0.83 £0.01
Bur * BM 117.6 +6.47 1.38 £0.08 5.65 +0.41 0.82 +0.02
2.3. Quantification of AMF spores and Skipper, 1982). All spores were separated by morphotype

according to microscopic features such as size, color, ornamenta-
AMEF spores were extracted from 50 g of soil from each sample tion type, hyphal attachment and shape. After counting, the spores
using a wet sieving and centrifugal flotation technique (Daniels were mounted on slides in polyvinyl-lactoglycerol (PVLG) and
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PVLG mixed with Melzer’s reagent. Glomerospores were counted
and identified using a light microscope (Nikon). Sporocarpic spe-
cies of Glomus were found in many samples and only sporocarp
numbers were recorded. Only turgid and healthy looking spores
were counted and then identified to genus and in many cases to
species level. Taxonomic identification followed (http://invam.
cafwvu.edu/HH and http://www.Irz.de/~schuessler/amphylo/
amphylo_species.html) criteria.
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Spore density was expressed as the number of spores per 50 g of
soil (dry weight). Relative density was calculated as the number of
spores of a given species/total spores x 100. We used spores to esti-
mate Shannon’s diversity and evenness indexes for each AMF commu-
nity at each site. Evenness index (E) was calculated following Pielou
(1969): E = H/In(S), where H' is the Shannon diversity index and S is
the species richness. AMF richness (S) was calculated as the total num-
ber of different AMF species encountered in each sample.
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Fig. 2. Arbuscular mycorrhizal fungi (AMF) composition in burned and unburned sites in five areas of Forest Chaco Serrano, Cérdoba-Argentina.(a) Density; (b) Diversity; (c)
Richness and (d) Evenness (n = 100). ‘Significant differences between burned and unburned in each area.


http://invam.caf.wvu.edu/HH
http://invam.caf.wvu.edu/HH
http://www.lrz.de/~schuessler/amphylo/amphylo_species.html
http://www.lrz.de/~schuessler/amphylo/amphylo_species.html

90 S. Longo et al./Forest Ecology and Management 315 (2014) 86-94

2.4. Soil properties analysis

Ten soil samples from each study area (5 burned +5 un-
burned x 5 areas =50) were analyzed to determine:% organic
matter, % total nitrogen, C:N, nitrate (mgkg~!), phosphorus
(mgkg™!), pH 1:2.5 (w:v) and electrical conductivity (dS/m)
(Sparks, 1996) at the Edaphologic Laboratory of the Faculty of
Agronomic Sciences (Universidad Nacional de Cérdoba, Argen-
tina) and Secretary of Environment (Gobierno de la Provincia de
Cérdoba, Argentina).

2.5. Statistical analysis

All mycorrhizal and soil variables were analyzed with general-
ized linear mixed model with “Fire” (unburned; burned) and
“Area” (AO; SA; LS; CB; BM) as fixed effects, including the interac-
tion term and “season” (autumn; spring) as random effect. We
used the Akaike’s Information Criterion (AIC) and the Bayesian
information criterion (BIC) to select the best-fitted model for het-
erogeneous variances. When data showed non normal distribu-
tion they were rank-transformed and the models was run with
these data (Zar, 1999). Statistical analyses were performed in R
(R Development Core Team 2009) through the interface imple-
mented in Infostat Version 2013 (Di Rienzo et al., 2013). When
the treatment effect was significant, we used Fisher LSD
(p<0.05) to perform mean comparisons. In addition, we per-
formed Spearman’s correlation analysis between mycorrhizal
and soil variables to examine possible relationships.

3. Results
3.1. AMF community composition

In total 26327 spores belonging to 32 taxa of AMF were recov-
ered from the 200 soil samples. Among them, 13 were assigned to
known species in 8 families while the remaining were identified
up to genus level.

Septoglomus constrictum (Glomeraceae) was the most abun-
dant taxa considering all samples together but showed notably
higher levels of spores in burned sites. In contrast, several species
in the other families showed higher levels in unburned soils. The
genera Scutellospora showed no differences between burned and
unburned sites (Table 2). Thirty-one species were common to
both sites, while Ambispora jimgerdemannii was present only in
the unburned sites in low number.

AMF spore diversity, richness and evenness were significantly
higher in unburned sites. Instead, the density was not significant
between burned and unburned sites (Table 3 and Fig. 2). In addi-
tion, spore density, diversity and richness but not evenness signif-
icantly varied between areas. Site CB tended to have higher values
than BM; SA; AO and LS (Table 3 and Fig. 2a-c). There was a
significant interaction term between fire and area on evenness
(Table 3). Despite these interactions between factors, diversity,
richness and evenness were consistently higher in unburned sites
in most areas in autumn and spring (Fig. 2).

3.2. Soil properties and their relationship with AFM community

With the exception of C:N, nitrate and electrical conductivity,
soil parameters showed significant differences between burned
and unburned sites (Table 4). However, the observed trends for
burned and unburned sites among areas were not as consistent
as for fungal variables. In autumn, unburned sites had higher val-
ues of organic matter and total nitrogen in AO, SA and BM but not
in LS and CB, and in spring SA had higher values in the burned site

Table 4

A; Unburned = Unb; Burned = Bur; m = mean; se = standard

50) Fire = F; Area =

Generalized linear mixed model outputs outputs of soil properties of each study area (5 burned and 5 unburned) in Chaco Serrano Forest, Argentina (n

p<0.05; “p<0.01.

;p>0.1; p<0.1;

error, Ns, non significant

Electrical conductivity

pH

Phosphorus

Nitrate

C:N

Total nitrogen

Organic matter

Soil variables

se
6.43 £ 0.09
6.79 £ 0.08
6.62 +0.1

se
11.4+0.18
11.08 £0.19

11.42 £0.31

Term

Ns

0.51

0.74+0.1

0.51

15.67

12.67 £2.81

Ns

0.47

69.66 £9.17

Ns

2.23

17.06

0.4 +0.02

0.3+0.02
0.37 £0.04
0.48 £0.03
0.32£0.03
0.25 £0.03
0.33 £0.02
0.49 + 0.04
0.25 £0.03
0.53 £0.05
0.44 +0.05
0.33 £0.04
0.32 £0.05
0.28 £0.04
0.21£0.04
0.36 £0.03

19.5

7.75+04
5.84+04

Unb

0.69£0.1

21+3.64

13.63 £4.58
21.17 £6.87
12.71£3.85

19.48 £5.2

64.57 + 8.66

Bu

2.31

" 057401

10.7

3.02

0.64 Ns

56.4 £9.45
7421123

2.32

10.29

9.93

7.39+0.73

AO

0.77 £0.16
0.89 £0.21
0.77 £0.16
0.56 £0.11
0.66 +£0.16
0.49+0.14
0.72+£0.23
0.83 £0.24
0.68 £0.22

7.1+0.13
6.6+£0.12
6.57 £0.15
6.14£0.12

11.08 £0.34
11.45+0.18

10.67 £0.3

9.1+0.62
6.42 £0.63
4.61+0.56
6.45 £ 0.36
9.83+0.7

SA
LS
CB

89.81 +22.06
64.68 + 13.36
50.49 + 8.47

17.19£5.29

11.56 £0.26
11.75£0.27

BM

1.82

6.52£0.14
6.73£0.15
6.92£0.17
7.29+0.18
6.42 £0.19
6.78 £0.12
6.17 £0.2

6.97 £0.13

11.56

555+1.3

41

4.

Ns 75.78 +13.95
37.01 £9.96
68.04 +13.57

6.62

Ns

2.65

275

Unb * AO

F*A

21.7+£8.52
6.55 £ 0.94
35.79+12.28

11.1+0.56
11.25 £0.57
10.92 +0.41

4.94 +0.68
9.97 £0.76
8.23+0.93
6.67 £ 0.81
6.16 £1.01
5.45 £0.81
3.77£0.71
6.83 £0.44
6.07 £0.56

Bur * AO
Unb * SA

0.41+21.13

60.15+32.5
119.46 + 28.32

Bur * SA
Unb * LS

2.99+0.32
2244 +6.43

11.61£0.17
11.29£0.32

10.96 + 0.4

1.1£0.36
0.94 £0.29
0.61+0.16
0.69+0.2

Bur * LS

22.65+7.94

79.97 +24.15

Unb * CB

1637
25.63£9.95

49.4 +10.86
64.35+15.58

36.62 +4.17

1037 £ 045
11.41+£0.48

Bur * CB

6.12+£0.24
6.16 £ 0.09

Unb * BM

0.44+£0.11

8.76 £1.77

11.7+£0.25

0.3+0.03

Bur * BM
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Fig. 3. chemical parameters in burned and unburned soils in five areas of Forest Chaco Serrano in Cérdoba-Argentina. (a) organic matter, (b) total nitrogen, (c) C:N, (d) nitrate,
(e) phosphorus, (f) pH and (g) electrical conductivity (n = 50). "Significant differences between burned and unburned in each area.

(Table 4 and Fig. 3a-b). Phosphorus was higher in burned sites from
three areas in spring (AO, SA and LS) and the inverse pattern was ob-
served in the other two. In autumn, higher phosphorus in burned
sites was observed only in two sites (AO and LS) but had consider-
ably lower values than spring (Fig. 3e). The pH was higher in burned

sites (Fig. 3f). Electrical conductivity was not significantly affected
by fire, but differed between areas (Table 4 and Fig. 3g).

There were no significant correlations between soil properties
and fungal variables. The only exception was a significant negative
correlation (r= —0.46; p = 0.04) between pH and spore diversity.
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Fig. 3 (continued)

4. Discussion
4.1. Effects of fire on AMF composition

Fire events had direct negative effects on AMF spore communi-
ties in the Chaco Forests of central Argentina, as evenness, diversity
and richness of AMF spores decreased in the burned sites. Contrary
to what we expected, one year after fire occurrence spore abun-
dance did not differ between unburned and burned sites. Despite
some interactions between the factors, these results were mostly
consistent for the five studied areas and both sampling seasons.
These findings supported our prediction of negative effects of fire
on AMF spore communities and agree with recent a meta-analysis
that showed overall negative effects of fire on soil microbial com-
munities (Wang et al., 2012).

Tests of the fire effects on AMF spores in previous studies have
had contrasting results (see introduction). These disparities might
be related to differences in the geographic location, experimental
designs, variation in fire intensity, duration of fire, vegetation types
(forest, shrubland, grassland), fire types (wildfire or prescribed fire)
time after burning, and, certainly, different climates (see Wang

et al., 2012). For example, in the tallgrass prairies of North America,
under sampling conditions similar to ours, but differing in the geo-
graphic location, climate, and vegetation types, Eom et al. (1999)
found negative fire effects on spore diversity but positive effects
on spore density. In contrast, Valarifio and Arine (1991) found neg-
ative effects on spore density in two studied areas in northern
Spain. However, results from similar studies in terms of geographic
location (19-35¢ latitude N), altitude (<900 masl), vegetation type
(forest-shrubland), precipitation (mean annual 500-1500 mm),
and time after burning (within the first 14 months after fire occur-
rence), contrast with our findings since they showed no fire effect
on the spore diversity and density (Aguilar-Fernandez et al., 2009;
Bellgard et al., 1994; Rashid et al., 1997).

A distinguishing feature of our study design is that includes fire
events selected on a regional basis, that occurred in the same sea-
son and year, replicated in five independent areas with similar alti-
tude, vegetation type, climatic conditions, and, presumably, fire
intensity and duration.

It has been suggested that AMF might be grouped according to
their life history strategies (e.g. Hart and Reader, 2002; Chagnon
et al., 2013). According to this framework, taxa from Glomeraceae
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are regarded as ruderals that would be favored by disturbances. In
turn, members in families such as Gigasporaceae, Acaulosporaceae
and Entrophosporaceae would be disfavored by disturbances. In
line with this, we found that the dominant species in Glomeraceae,
Septoglomus constrictum, had significantly higher spore abundance
in burned sites while taxa in other families such as Entrophospora
infrequens, Claroideoglomus sp., Acaulospora rehmii, Acaulospora
scrobibulata, Acaulospora sp. 1, Dentiscutata biornata, Fuscutata het-
erogama, Gigaspora gigantea, Gigaspora sp. 1, Gigaspora sp. 3, Racoc-
etra gregaria decreased after fire.

4.2. Fire effects on soil properties and their relationship with AMF
community

Patterns in soil properties among burned and unburned sites
and areas were not as consistent as those for fungi. In accordance
with previous reports for other ecosystems (Jackson and Caldwell,
1993; Ritz et al., 2004; Dias et al., 2010), our findings show notice-
able levels of spatial heterogeneity. Despite this, burned sites had
overall lower contents of organic carbon and total nitrogen, albeit
some of the areas showed no differences, depicted by the signifi-
cant interaction term. Recently, Wang et al. (2012) observed that
within 3-12 months after fire occurrence, soil organic carbon were
not affected while total nitrogen decreased in burned sites. In turn,
within 1-3 years, organic carbon decreased but total nitrogen in-
creased after fire occurrence. Considering the time factor in our
study (i.e. 8 and 15 months after the occurrence of the fire), our re-
sults fall in both categories and are partially consistent with those
analyzed there.

We found a general trend of higher pH and phosphate availabil-
ity in burned sites. This trend was consistent among the 5 areas
and in both seasons which can be a consequence of soluble cations
liberation from burned organic matter (Certini, 2005; Knoepp et al.,
2005). Altogether the results suggest, with nuances, that carbon
and nitrogen decreased in burned sites while phosphorus and pH
increased.

Contrary to our expectations, changes in species composition of
AMF were not significantly correlated with most of the soil vari-
ables measured. Nonetheless, a significant negative correlation be-
tween pH and spore diversity was observed. In line with this,
Switzer et al. (2012) suggested that the negative effects of fire on
AMF (measured as abundance of fatty acids in soils) could be
attributed to increased pH levels which negatively correlated with
AMF abundance. Although we cannot rule out this possibility, in
our study the variation in pH levels among sites was small and
the correlation with the diversity of spores was not high, making
the relationship inconclusive.

All in all, these results suggest that fire occurrence affected
some soil abiotic properties but these were not clearly associated
with changes in AMF. The changes in AMF spore communities
might be a direct effect of fire and/or of changes in vegetation, such
as the increase in ruderal forbs observed in burned sites.

5. Conclusions

Fire occurrence negatively affected AMF spore communities,
but the effects did not seem to be mediated by changes in soil abi-
otic properties. Rather, they suggest direct effects of fire and/or
vegetation on soil fungi. The observed changes in AMF composition
after fire occurrence may consequently affect plant succession and
productivity. Moreover, the degradation of AMF communities after
fire occurrence could be also associated with exotic plant success
in disturbed sites. This issue will be explicitly tested in future
studies.
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