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Introduction

Glomalin is a glycoprotein produced primarily by arbuscular mycorrhizal fungi (AMF) (Wright & Upadhyaya, 1996). It is iron-containing and is found within AMF hyphal walls (Driver et al., 2005). Residues of glomalin are deposed within the soil when hyphae die and decomposed
(Treseder & Turner, 2007). Glomalin quantified and operationally detected in soils is called glomalin-related soil protein (GRSP) (Rillig, 2004). It is quite recalcitrant and decomposes slowly in laboratory incubations. Most proteins are denaturalized in a range between 50- 80⁰C. However,
GRSP is extracted from soil at 121⁰C (Wright & Upadhyaya, 1996). So, it can be said that GRSP is heat stable and has a relatively long life on soil. The main objective of this study was to examine the effect of heating at different temperatures (180-500°C) on GRSP content of samples from 8
different soils. Soil water repellency (SWR) and soil organic carbon (SOC) (common fire severity indicators) were also studied to analyze the GRSP usefulness as a tool defining fire severity in soil.

Experimental Design:

Soil samplings:

Soil samples were collected from 8 forest sites in Alicante
province (SE Spain) (fig 1) to cover a representative
spectrum of the main soil types of the region (Table 1).
Samplings were carried out between February and March
2013. At each site, samples were taken from the first 2.5
cm of the A mineral horizon. Soil samples were dried at
room temperature (20-25°C) to a constant weight and
sieved (<2 mm) to eliminate rock fragments before soil
analysis.

GRSP curve trends descriptions

GRSP concentrations seem to be sensible to the low temperatures
and dependent on soil characteristics. Changes in the
concentrations were observed even at 180°C in some soils. Six of
the eight soils studied had a peak of GRSP concentration at 200°C
(except Pinoso and Aitana), whereas Petrer, Fontanars and Gorga
showed the highest increase at such temperature (fig 2 A and B).
In general, the GRSP concentrations decreased at 250°C, although
such decrease also varied between soils. The highest decrease at
that temperature was observed in Aitana soil (a 65% of
concentration disappear), in contrast to Petrer and Gata, where
the concentrations continued being higher or similar to the initial
ones respectively. At 300°C, a different response between loamy
and sandy soils was observed.

Glomalin Related Soil Protein content was clearly affected by heating. The variations in concentrations were detected even at low temperatures. These variations were slightly different between sites. The behavior of GRSP content to temperature was not only dependent on the temperatures 
reached but also on the soil properties. Soil samples were clustered by texture. GRSP as indicator could provide useful information of fire severity when others parameters fail, such as SOC (which can be affected by external inputs) or SWR (whose presence is not always guaranteed).
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Heating treatments

Around 10 g of each soil sample were placed in a porcelain container (8.5 cm diameter, 3.5 cm
depth). Heating treatments were carried out in a pre-heated muffle furnace (Nabertherm, P320,
Bremen, Germany) at 180, 200, 250, 300, 400 and 500°C during 20 minutes. Three replicates per
sample and heating temperature were made.

Analytical methods:

Soil properties analyzed were the following ones:
Easily Extractable Glomalin by Bradford protein assay (Wright & Upadhyaya, 1996); pH (1:2.5 w/v,
distilled water); texture determined by Bouyoucos method (Gee & Bauder, 1986); soil organic
carbon (SOC) by potassium dichromate oxidation (Nelson & Sommers, 1982); carbonates by
method described in Fiala et al. (1999); the persistence of SWR by the Water Drop Penetration
Time (WDPT) test (Wessel, 1988); soil aggregate stability (AS) and total content of aggregates
(TCA) were studied in the macroaggregate fraction of 4-0.25 mm and determined with the rainfall
simulator method according to Roldán et al. (1994).

Multivariate analysis

The Redundancy Analysis (RDA)
performed with the GRSP relative
concentrations at each temperature
showed that the first two axes explained
82.1 % of the total variation, soil samples
were clearly clustered by soil texture (fig
3). Eight different parameters were
introduced to try to explain the variability
of the curves (fig. 2). TCA, SOC, Clay and
Sand were significant in explaining such
variation (P<0.05).

Fig 4: SOC relative concentrations vs temperature.
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Materials and Methods

Results

Table 1: Main characteristic of the sampling sites

Fig. 3: Samples and soil parameters biplots from RDA
performed on the relative concentrations of GRSP at different
temperatures and sites. Locations: Petrer (X-mark), Fontanars
(empty diamonds), Biar (circles), Gorga (triangles), Jalón
(empty squares), Pinoso (scuares), Aitana (diamonds) and
Gata (empty circles). SOC (soill organic carbon), TCA (total
content of aggregates), GRSP (Glomalin Related Soil protein
content (control samples)).
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SWR and SOC behavior to heating

In contrast to the GRSP curves, the
relative curves of SOC followed a very
similar trend between samples (fig. 4). In
general, SOC contents were quite
constant below 200°C (except Biar and
Gata). At 250°C, 30-40 % of SOC content
was lost and practically disappeared at
400°C.
SWR did not appear in original wettable
samples after heating but it was present
in the water repellent ones until 200°C
(table 2), below this temperature, water
repellent samples became wettable.Fig. 2: (A) GRSP retelative concentrations (% respect to the

control) vs temperature Petrer, Fontanars, Biar and Gorga
sites. (B) GRSP retelative concentrations (% respect to the
control) vs temperature Jalón, Pinoso, Aitana and Gata sites.

Fig. 1:  Some of soil  sampling sites: A) Jalón , B) Petrer ,  C) Gorga and D) Pinoso

 

 
Site 

Location 
Coordinates 

Mean Annual 
Precipitation 

(mm) 

 
Dominant 

species 

 
Lithology 

Soil 
classification 
(SSS, 2010) 

Petrer 38°30'48''N, 0°46'33''W 371 P. halepensis, 
R. officinalis 

Cretaceous 
limestone 

Psamment 

Fontanars 38°46'50''N, 0°50'55''W 454 P. halepensis, 
Q coccifera 

Cretaceous 
limestone 

Xerorthent 

Biar 38°37'1''N, 0°44'60''W 486 P. halepensis 
R. officinalis 

Tertiary 
limestone 

Haploxeroll 

Gorga 38° 43’94"N; 0° 22’58’’E 500 P. halepensis 
R. officinalis 

Jurassic 
limestone 

Xerorthent 

Jalón 38°43'44''N, 0°01'3''E 656 Q. coccifera 
 P. halepensi, 

Cretaceous 
sandstone 

Rhodoxeralf 

Pinoso 38°22'34''N, 0°59'52''W 260 P. halepensis 
R.officinalis 

Tertiary 
limestone 

Xerorthent 

Aitana 38°39'23''N, 0°18'53''W 706 Q. ilex,  P. 
halepensis 

Cretaceous 
limestone 

Calcixeroll 

Gata  38° 44' 56"N; 0° 2' 32"E 692 P. halepensis, 
Q. coccifera 

Cretaceous 
limestone 
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   Temperature     

Site Control 180°C 200°C 250°C 300°C 400°C 500°C 

Petrer 14.7 ±5.5 6.7 ±0.6 4.6 ±2.7 <1 <1 <1 <1 

Fontanars <1   <1 <1 <1 <1 <1 <1 

Biar <1 <1 <1 <1 <1 <1 <1 

Gorga <1 <1 <1 <1 <1 <1 <1 

Jalón <1 <1 <1 <1 <1 <1 <1 

Pinoso <1 <1 <1 <1 <1 <1 <1 

Aitana 175.7 ±43.1 301.7 ±150.5 320.3 ±93.3 <1 <1 <1 <1 

Gata  9 ±2.6 24.2 ±4.3 20.4 ±8.5 <1 <1 <1 <1 

Table 2: Pre- and post-heatings values of WDPT in seconds for
all sites and treatments. Mean of three test on each of three
subsamples. (‘<1’ wettable).
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