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Variation in lipid abundance and composition in a fire affected hillside from Lyulin mountain, 
Bulgaria

I. Atanassova*, M. Teoharov

Department of Soil Chemistry, Institute of Soil Science “N. Poushkarov”, 7 Shosse Bankya, 1080 Sofia, Bulgaria

Abstract. Top soils from a fire-affected catena sequence on the Southern hillside of Lyulin Mountain, Bulgaria were analysed for free lipids with the aim to 
identify molecular markers of the effect of fire on soil organic matter. The total lipid extract of the unburned control soil was dominated by aliphatic series of 
alkanes, alkanoic acids, alkanols, diterpenoids and steroids indicating the predominant higher plant input. The alkane patterns as revealed by the carbon 
preference index (CPI) and the average chain length (ACL) showed higher relative abundance of short chain homologues (C  – C ) in the burned soils as 13 20

compared to the control soil and indicated a thermal, but also a microbial input.  The fatty acids and alkanols signatures, as well as the typical biomarker signals 
for pine such as pimaric acid and methyldehydroabietate were lost in the chromatogram of the severely burnt soil on the ridge of the mountain. All samples 
displayed a particular pattern of short- and long-chain and even carbon numbered n-alkanes (maximum at C  and C ). Aromatic hydrocarbons and 29 27

oxygenated acids were more abundant in the burnt soil on the ridge while the pine signals of pimaric acid and dehydroabietic acid disappeared.
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species were bulrush (Typha angustifolia L.) and meadow fescue Introduction
(Festuca pratensis Huds).

The aim of this study was to investigate the free lipid Fire and heat cause selective destruction of aliphatic domains 
composition of the organic components in the top soil of a hillside in soil organic matter, i.e. thermal fragmentation of long chain 
that had been subject to fire in the autumn of 2007 by making use of molecules of alkyl compounds and a selective decrease in carbon 
the organic geochemical marker approach for defining their sources.chain length (Almendros et al., 1988; Gonzalez-Perez et al., 2008). 

In addition to the relative enrichment of short-chain compounds (< 
C ) among lipids after fire in the topsoil of a P. Pinea forest, 20

Material and methodsAlmendros et al. (1988) found among terpenoids a marked reduction 
in pimaric acid and increase in dehydroabietic acid. In buried ancient 

Study sites and soilstopsoils that contained charred organic matter, Eckmeier and 
The study sites were cinnamonic forest soils (Luvisols, FAO) of Wiesenberg (2009) found a particular pattern of short-chain and 

the Southern slope of Lyulin mountain subject to a fire in the early even carbon numbered n-alkanes (maximum at n-C  or n-C ) as a 16 18
autumn of 2007. Sampling took place 10 months after the result of thermal degradation of biomass. At low temperature fires 
occurrence of fire, in the spring of 2008 after eliminating the litter soil becomes hydrophobic and prone to erosion (Mataix-Solera and 
layer. The surrounding area is characterised by uneven relief. Mean Doerr, 2004). The effects of heat on soil organic carbon include 
annual temperature is 9.5°C, mean winter temperature is  2°C, degradation of cellulose and lignin at temperatures 130°C ~ 190°C 
mean July temperature is 19.6°C, mean relative humidity is 71% and and structural changes in soil organic matter (SOM) composition at 
mean annual precipitation is 606 mm (Atanassova et al., 2009). Soil temperatures over 300°C related with decarboxylation reactions, 
samples were collected from severely burned, slightly burned and increase in the proportion of aromatic structures and formation of 
unburned sites. Three samples were taken from two replication ''pyromorphic humus'' of hydrophobic character (Almendros et al., 
points approximately 2 meters apart from each other. The samples 1992; Knicker et al., 1996; Gonzalez-Perez et al., 2004).
were pooled to yield two samples per site. Soil samples were taken This study builds on a previous investigation of a catena 
from the surface depths of the ridge (most affected by fire), the foot of sequence from Lyulin mountain affected by fire in the early autumn of 
the hill (slightly affected by fire) and a control (unburned) soil on the 2007. Atanassova et al. (2009) found that the fire that occurred had 
opposite site of the hill. mainly affected the top soil on the ridge of the mountain and to a 

For analysis of soil lipids samples were taken from the top-soil lesser degree the lower parts of the hillslope. The studies on free 
surface of the ridge of the mountain (burnt and unburnt) and the lipids of total extracts in fire affected soils are scarce and no 
mountain foot. On the mountain ridge the vegetation was investigations on lipid signatures as a result of the effect of fire in 
represented by black pine (Pinus nigra Arn.) with shrubs and Bulgaria have been carried out so far. As pointed out by Atanassova 
typically sparce lichens and moss groundcover. At the foot of the hill et al. (2009), a characteristic feature of the catena is the 
soils were partially waterlogged with the predominant vegetation homogenous parent rock. i.e. pliocene clays. On the ridge and the 
bulrush (Typha angustifolia L). Other vegetation species were higher parts of the hillside the vegetation was represented by black 
represented by meadow fescue (Festuca pratensis Huds). The soils pine (Pinus nigra Arn.), while at the foot of the hill the predominant 
studied are at an altitude of 800 m. Soil samples were taken after 

* e-mail: i.d.atanassova@abv.bg
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removal of the litter layer. The top hill sample (Soil 601) was taken to their origin.  Odd carbon numbered long-chained (> C ) alkanes 25

from a blackish A  type horizon of 0 - 6 cm depth and chroma 10 YR are attributed to higher plant waxes (Tulloch, 1976; Rieley et al., h

2/1 (black metallic). The structure was unsteady and texture was 1991) while odd carbon numbered short-chained (< C ) alkanes 21

classified as silty clay loam. Soil 603 was taken from the lower part of derive from microbial organisms (Dinel et al., 1990). In the soil 
the hill which was slightly burned. This surface soil (0 - 6 cm) had the sample taken from the ridge of the mountain, i.e. the blackish A 
highest sand content and was water repellent (water drop horizon (0-6 cm) alkane pattern displayed a bimodal distribution with 
penetration time, WDPT= 3600 s, i.e. “severely water repellent” C -C  compounds dominated by odd-carbon-numbered n-alkanes 13 31

(Doerr, 1998). Soil 606 (0 - 5 cm depth) was sampled from the other maximizing at C  and clusters of shorter (< C ) alkanes 29 20

side of the mountain ridge and was not affected by fire. It was corresponding to complex mixtures of branched compounds along 
considered a control soil. Total organic carbon (TOC) exhibited high with the n-isomers. The carbon preference index (CPI) of C  was 13-31

values in the surface horizons of the three soils analysed, most CPI = 2.5 and points to a microbial and rather thermal anthropogenic 
probably due to incorporation of non- and/or partially combusted instead of biogenic origin (Figure 2a). The microbial origin of these 
organic remnants. TOC was measured by the modified Tjurin's compounds is indirectly supported by findings of Petkova et al. 
method (Kononova, 1963) i.e. dichromate digestion at 125°C, 45 (2009) who found that soil microflora exhibited elevated amounts of 
min, in the presence of Ag SO  and FeSO  titration and was 18.8 % 2 4 4 ammonifying microorganisms, spore-forming bacteria and 
(sample 601); 16.3 % (sample 603) and 19.4 % (sample 606), actinomycetes in the burnt soil on the ridge.
(Atanassova et al., 2009) In the soil 603, which was severely water repellent 

Lipid extraction (WDPT=3600 s), slightly different bimodal alkane distribution, 
Soil samples (5g in duplicate, sieved < 2 mm and ground < 250 maximizing at C  was observed, but CPI was also quite low CPI = 27

μm) from the surface horizons were extracted with 25 ml 2.1, pointing to similar sources as in sample 601 (Figure 2b). A 
dichloromethane (DCM) in a Soxtec extractor Tecator at 100°C for similar pattern of predominance of plant derived long-chain n-
2h. The solution from the extraction process was subsequently alkanes and considerable amounts of short-to-middle chain n-
condensed to 1 mL prior to GC/MS analysis. Upon Soxtec extraction, alkanes derived from biomass burning has been observed also by 
we used an extract clean-up procedure described by Atanassova Wiesenberg et al. (2009). In the control soil (sample 606) (Figure 2c) 
and Doerr (2010). The dry extracts were re-dissolved in though a bimodal distribution was again observed, the CPI = 4.0, 
approximately 6 ml DCM/2-propanol (2:1 v/v). Next, the extract was indicating higher plants input. The n-C and C  alkanes are tree-27 29
filtered using a Pasteur pipette packed with 2 cm silica gel (63-200 specific biomarkers and are considered a signal for the incorporation 
μm) and 0.5 cm Na SO (s) as a drying agent to remove very polar 2 4 or woody biomass into the soil (van Bergen et al., 1997). An increase 
constituents. Then extracts were dried under a gentle stream of in short-chain even carbon numbered n-alkane homologues was 
N (g). Free hydroxyl and carboxylic groups were derivatized to their 2 reported for ancient soils subject to biomass burning (Eckmeier and  
corresponding trimethylsilyl (TMS) ethers and esters by adding 50 Wiesenberg (2009), surface soils subject to fire (Almendros et al., 
μL of BSTFA (N,O-bis (trimethylsilyl) trifluoroacetamide) containing 1988) and for charred biomass  (Wiesenberg et al., 2009).
1% TMCS (trimethylchlorosilane). Calculation of the average chain length (ACL), (Eckmeier and 

Gas chromatography–mass spectrometry (GC/MS) Wiesenberg, 2009), i.e. ACL=Σ (z n)/Σ (z ), with z  = the relative n x n n

The gas chromatograph (Agilent 7890A) and equipped with a amount of the n-alkane with n carbons (n = 13 – 31), revealed that for 
5975 C mass-selective detector (splitless injection mode) was used the highly burnt soil (Sample 601), ACL = 22.6, for the less burnt soil 
for analysis of the extracts. Separation was carried out HP-5ms (Sample 603), ACL = 23 and for the unburned control soil (Sample 
capillary columns (30mm x 0.25 mm I.D., film thickness, 0.25μm) 606), ACL = 25. This molecular ratios also point to a loss of higher n-
and He was used as a carrier gas. The GC programme was: initial T alkane homologues in the burned samples. 
60°C, hold 1 min, linear ramp 10°C/min to 180°C and then ramped Fatty acids 
at 4°C/min to 300°C, and held for 15 min. The MS detection was full Alkanoic acids in the range C  – C were detected in the control 12 22 
scan, mass to charge ratio (m/z) 50-1000, cycle time 2.28 scans/s soil and the soil sampled from lower part of the hill (Sample 603), but 
and EI ionization 70eV. Identification was based on comparing the not in the ridge soil (with exception of C  acid) (Figure 3). These 16mass spectra of the chromatographic peaks to those reported in the 

saturated fatty acids are characterised by a CPI = 14 and a unimodal 
NIST-MS library, comparisons with authentic standards, GC 

distribution maximizing at C  palmitic acid which is ubiquitous in 16retention times and interpretation of mass fragmentation patterns. 
soils (Padley et al., 1992). Their distribution points to a high The structures of compounds which could not be determined on the 
contribution of higher plants in the free lipids of soils 603 and 606. basis of their mass spectra with a match factor > 80 have been 
Other authors (Tinoco et al., 2006; Gonzalez-Perez et al., 2008) termed as “suspected”.
have observed that high temperatures cause thermal fragmentation 
of long chain molecules and a selective decrease in chain length of 
alkyl compounds, alkanes < C , fatty acids < C  and alcohols. In this 25 20

Results and discussion study we did not observe fragmentation, but rather total decrease of 
amounts.

The gas chromatograms of total lipid extracts obtained from the Fatty alcanols
soils studied are given in Figure 1a-c. Variations in both the relative The TIC traces of the total lipid extracts revealed the presence 
abundance and composition of the major compound classes, n- of long chain n-alkan-1-ols C  in the control soil 606 and C -ol in 20-26 24

alkanes, fatty acids and alkanols and specific marker compounds as the soil sample 603 from the lower part of the hill. These long chain 
a result of the effect of fire were observed. even n-alkan-1-ols (C20+) have been reported in higher plant leaf 

Alkanes waxes (Kolattukudy, 1980). In contrast, the burned sample from the 
We followed n-alkane distribution pattern indicating the sources ridge was lacking n-alkanols, as the 75 m/z ion was not detected. 

of biomass inputs in soils as the chain length of n-alkanes is related 



Figure 1a. Total TIC trace of the mountain ridge (burnt) soil 601. ▲alkane; ● alkanoic acid; ■ alkanol. 1. phthalic acid 

ester; 2. 1,2-benzenedicarboxylic acid, butyl 2-methylpropyl ester; 3. 4b,8-dimethyl-2-isopropylphenanthrene, 
4b,5,6,7,8,8a,9,10-octahydro; 4. phenanthrene, 1-methyl-7-(1-methylethyl)-; 5. dehydroabietic acid methyl ester;  6.  
3',8,8'-trimethoxy-3-piperidyl-2,2'-binaphthalene-1,1',4,4'-tetrone; 7. estra-1,3,5(10)-trien-17-one, 3-(acetyloxy)-14-
[hydroxy]-, 17-(O-methyloxime).
b. Total TIC trace of the footslope soil 603 (slightly burnt).1. pentane, 2-methyl- 4–keto-2-hydroxy; 2. 1,2-
benzenedicarboxylic acid, butyl 2-methylpropyl ester; 3. 4b,8-Dimethyl-2-isopropylphenanthrene, 4b,5,6,7,8,8a,9,10-
octahydro-; 4. 2-ethylhexyl trans-4-methoxycinnamate; 5. phenanthrene, 2,4,5,7-tetramethyl-; 6. 2-propenoic acid, 3-(4-
methoxyphenyl)-, 2-ethylhexyl ester; 7. methyl dehydroabietate; 8. estra-1,3,5(10),6-tetraen-17-one, 3-[(hydroxy]-, O-
methyloxime; 9. Stigmasta-3,5-dien-7-one.
c. Total TIC trace of soil 606 (unburnt control) soil. 1. Pentane, 2-methyl-4-keto-2-trimethylhydroxy; 2. Phthalate; 3. 
Cyclopenta[a,d]cycloocten-5-one, 1,2,3,3a,4,5,6,8; 4. Phthalate 5. 8α,13-epoxylabd-14-ene; 6. 4b,8-Dimethyl-2-
isopropylphenanthrene, 4b,5,6,7,8,8a,9,10-octahydro-; 7. 6,9,12,15-docosatetraenoic acid, methyl ester; 8. 2-Propenoic 
acid, 3-(4-methoxyphenyl)-, 2-ethylhexyl ester; 9. pimaric acid; 10. methyl dehydroabietate; 11. dehydroabietic acid; 12. 
estra-1,3,5(10),6-tetraen-17-one, 3-[(hydroxy]-, O-methyloxime (suspected);13. prosta-8(12),13-dien-1-oic acid, 9-
(methoxyimino)-15-[(hydroxy]- (suspected); 14. β-Sitosterol trimethylsilyl ether
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The considerable reduction in the amounts of the homologous series Changes in organic matter (OM) composition could be due to 
of the alkanoic acids and alkanols observed in the burned soil on the external input of charred plant material from the forest canopy and/or 
mountain ridge implies that these are either volatilized or formation of new pyrolysis products.  Dehydroabietic acid and 
transformed into more recalcitrant fractions. methyl dehydroabietate were detected in the extracts from the three 

Other compounds soils analysed similarly to Otto et al. (2006). These compounds are 
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Figure 2a. m/z 57 ion chromatogram showing the relative distribution of n-alkanes in the burned mountain ridge soil (601).
b. m/z 57 ion chromatogram showing the relative distribution of n-alkanes in the footslope slightly burned soil (603).
c. m/z 57 ion chromatogram showing the relative distribution of n-alkanes in the unburned control soil (606).
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considered as conifer biomarkers (Simoneit, 1986). From the resin acid, 9-(methoxyimino)-15-[(hydroxy] (NIST match factor 40) was 
acids only dehydroabietic acid was found in the three soils studied, detected at high abundance in the control soil 606, but was absent in 
while pimaric acid was detected in the control (606) and showed low the burnt soil. Possible origin of this compound could be mosses. 
resistance to burning (samples 601, 603), as revealed by the According to Al-Hasan et al (1991) the polyunsaturated fatty acids in 
compounds detected in the TIC traces (Figure 1). Cinnamic acid mosses can be precursors of prostaglandins. In the samples 601 
esters (pine bark constituents) were also identified in the soil slightly and 603, PAHs products such as phenanthrene derivatives were 
affected by fire (Sample 603) and the control (Sample 606), detected. The most probable source of these compounds is from 
(Rohdewald, 2002). pyrolysis of plant and soil organic matter (Shafizadeh, 1984) and/or 

Manoyl oxide (labd-14-ene, 8,13-epoxy-, (13R)-) (diterpenoid) through microbial metabolism further down the pyrene degradation 
was detected in the control sample but was absent in the ridge soil pathway (Kazunga and Aitken, 2000). Tinoco et al. (2006) have 
(601) and the downhill soil (603), which shows thermal breakdown. found that aromatic products such as perylenequinone 
Sterols and steroid ketones such as β-sitosterol and stigmasta-3,5- chromophores, phenol and naphthalenol are products of organic 
dien-7-one were detected in samples 603 and 606 but were lacking matter pyrolysis reaction. Kim et al. (2003) have also detected PAHs 
in the burnt sample from the ridge also pointing to a thermal formation during forest fires and their input into the soil. The 
breakdown or transformation into more recalcitrant forms. compound 4b,8-dimethyl-2-isopropylphenanthrene, 4b,5,6,7,8,8a, 

A phytosterol derivative (suspected compound, NIST match 9,10-octahydro- was found to be present in the extracts of the three 
factor 40), estra-1,3,5(10),6-tetraen-17-one, 3-[(hydroxy]-, O- soils studied. This compound is considered a degradation product of 
methyloxime was detected in the three soil samples but its origin is plant sterols and bile acids (Muszkat et al., 1993).
not clear. Another suspected compound, prosta-8(12),13-dien-1-oic Levoglucosan (1,6-anhydro-β-D-glucopyranose) a well-known 
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Figure 3. m/z 117 ion chromatogram showing the relative distribution of n-alkanoic acids in the top soil 
samples 601, 603 and 606.
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cellulose combustion product (Shafizadeh et al., 1979) was not Eckmeier E and Wiesenberg GLB, 2009. Short-chain n-alkanes 
detected in the burnt samples. As the soils were sampled 10 months (C ) in ancient soil are useful molecular markers for prehistoric 16–20

after fire, degradation of this biomarker in the forest soil environment biomass burning. Journal of Archaeological Science, 36, 
with low temperatures and frequent rainfall in the following wet 1590–1596.  
months is likely. Gonzalez-Perez JA, Gonzalez-Vila FJ, Almendros G and 

Knicker H, 2004. The effect of fire on soil organic matter - a review. 
Environment  International, 30, 855–870.
Gonzalez-Perez JA, Gonzalez-Vila FJ, Gonzalez-Vazquez R, Conclusion
Arias, ME, Rodriguez J and Knicker H, 2008. Use of multiple 
biogeochemical parameters to monitor the recovery of soils after The distributions and abundances of homologous compound 
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