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Molecular characterization of soil lipids often provides valuable bio
geochetnical infortnation about the itnpact of vegetation, tnicroorgan
istns, and abiotic factors on the soil C sequestration proccess. The total 
lipid extracted with petroleutn ether frotn nine soils developed under 
three types ofMediterranean forest (stone pine (Pinus pinea L.), evergreen 
oak (Quercus rotundifolia L.), and Spanishjuniper (juniperus thurifera L» has 
been analyzed by high-resolution 13C nuclear tnagnetic resonance (13C_ 
NMR) under quantitative acquisition conditions. Tentative assigntnents 
of the spectral peaks are presented, and the spectra of soillipids are COtn
pared with those frotn the lipids extracted directly from leaves of the cor
responding trees. This comparison evidenced that soil lipids behaved as 
biotnarker soil fractions when analyzed by 13C-NMR as a whole. Analy
sis by gas chromatography-tnass spectrotnetry (GC/MS) reveals that the 
volatile fraction ofthe lipid extract (46%, on average, as estitnated by in
ternal reference) consisted mainly of free alkanes, alkanoic acids «C30), 

and diterpene resin acids. 
We observed sotne differences between the chetnical structures sug

gested by 13C-NMR and GC/MS. This was interpreted as a portion of soil 
and plant lipids consisting of extractable tnaterial that cannot be detected 
by standard GC tnethods. The cOlllplex signal pattern in the O to 30 ppm 
chelllical shift range showed typical signals for carbons in acyl polytneth
ylene chains, which overlapped with a pattern suggesting isoprenoid-like 
branching in long-chain structures (tnajor signals at ca. 22, 26, and 32 
pptn). In addition, periodic unsaturations suggested by signals at ca. 124 
and 135 pptn are also cotnpatible with polyprenoid-type backbones. The 
alkyl region coincided with those of tnono- to triacyl glycerol fatty esters. 
It seetns evident that 13C-NMR allows us to characterize structures present 
in nonvolatile cotnplex tnaterial. (Soil Science 2001;166:186-196) 
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T HE lipid fraction, i.c., the complex fraction 
soluble in low-polarity organic solvents, has 

been studied intensively in soils (Breger, 1966; 
Braids and Miller, 1975; Jambu et al., 1978; An-
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dreyev et al., 1980; Stevenson, 1982). The reason 
for this interest is that the molecular composition 
oflipids is considered to be a source of ecological 
information about the structure of the trophic 
system (Philp, 1985) and an indicator of the per
formance of the biogeochemical cycle (Steven
son, 1982; Almendros et al., 1996). Extractable 
lipid accounts for a low portio n of total soil e, but 
this fraction may have important direct and indi
rect effects on the physico-chemical and biologi
cal processes in soils: most lipids influence the 
surface properties of aggregates and, thus, soil 
structural stability (Jambu et al., 1983; Dinel et al., 
1990) whereas other lipids show antimicrobial 
properties (Lynch et al., 1976). 



Few studies carried out on soil lipids have 
used nondestructive techniques such as 13C-NMR 
spectroscopy (Schnitzer and Preston, 1987; Am
bles et al., 1991; Pollesello et al., 1993; Gunstone, 
1994); most of the report are oflipid composition 
as revealed by GC/MS. In the present study the 
molecular compositions of plant and soillipids in 
forest ecosystems comprising typical continental 
Mediterranean forests of pine, oak, and juniper 
are analyzed by 13C-NMR and GC/MS. The 
combination of these two sets of analytical data 
should provide a comprehensive description about 
the nature and evolution of the entire soil lipid 
fraction. 

MATERIALS ANO METHOOS 

Samples Studied 

Nine soil samples were taken from widely 
different forest ecosystems, representative of undis
turbed or reforested continental Mediterranean 
ecosystems, in Central Spain. The characteristics 
of the soils are given in Table 1 and have been re
ported in detail elsewhere (Almendros et al., 
1996). The soils were developed under three 
types of vegetation: stone pine (umbrella pine: Pi-
111/5 pinca L.), evergreen oak (holm oak: Quereus 
rotund!folia Lam.) and Spanish juniper (Juniperus 
t/llIr!fcra L.). 

Sarnp]jng took place in the spring and early 
summer. Soil samples were collected (organie 
horizons: O + A) with a spade after removal of 
the ]jtter layer. The soil material was then air
dried, erushed with a wooden cylinder, and sieved 
to 2 mm. Plant and mineral fragments bigger than 
2 mm were discarded. 

The plant material was eollected directly 
from the trees in the eorresponding forests. The 
leaves were air-dried and homogenized to 3 mm 
with a rotary knife millo Both soil and plant lipid 
samples were labeled P, O, and J, refering to the 
pine, oak, and juniper materials from which the 
materials were derived, respectively. 

Extraetion 01 the Lipid Fraetion 

Petroleum ether (40-70 oC) was used to re
move the low polarity fraction with the intent of 
minimizing the extraetion of oligomeric, colored 
humus fractions that could be dissolved by more 
polar, less selective solvents (i.e., striking differ
ences between GC/MS and 13C-NMR results 
would be obvious from such a lipid fraction, as
suming the low volatility of macromolecular ma
terials). The extracríon period, which lasted 3 
days, used a 1-L Soxhlet containing an extraction 

thimble with ca. 300 g of soil. The solvent was 
changed every 12 hours. The extract was dehy
drated with anhydrous N a2SO 4' evaporated un
der reduced pressure to ca. 50 mL, dried under a 
N) stream at room temperature, and the residue 
w;s weighed. The soillipids were a solid, pale yel
low, waxy material, and the plant lipids had a dark 
green or brown color. 

Preliminary Lipid Characterization by Gas 
Chromatography 

The lipids were methylated with ethereal di
azomethane and injected into a HP 5890 gas 
chromatograph coupled to an HP 5971A mass 
detector with a 25-m X 0.22-mm internal diam
eter, cross-linked, OV-1 eapillary column. He
lium flow was 1 mL min -1. The oven tempera
ture was set to 40 oC during the splitless period, 
then raised to 100 oC (32 Oc min- l ). The tem
perature was programmed from 100 Oc to 270 oC 
(rate = 6 Oc min -1) during the chromatographic 
runo The eleetron impaet mas s speetra were ac
quired at 70 eVo 

Quantitative chromatographic analyses of pe
troleum ether extracts were carried out by gas 
chromatography with a flame ionization detector 
using ethylvanillin as the internal standard. On 
average, about 46% of the sample material ap
pears in the ehromatographic profile. 

Nuclear ;'vfagnetic Resonanec Spectrometry 

High-resolution 13C-NMR speetra (75.4 
MHz, COCL\) were obtained with a Bruker MSL 
300 in a 1 O-~m multinuclear probe head in the 
deuterium loek mode. The spectra were refer
enced to a coaxial capillary tube with tetram
ethylsilane. N o attempt was made to correet 
magnetic susceptibility. Spectra were acquired 
with inverse gated broadband proton decoupling. 
The pulse sequence used (Ring Oown Elimina
tion program; Gerothanassis, 1986) consisted of: 

90° +x - ,1t - FID(+) - T d - 90° -x - ,1t 
- FID(-) - T

d 
- 1800 +v - 900

_ x -,1t - FID(+) 

- T - 180° - 90°' -,1t - FID(-) - T 
d + Y +x d 

A total of 30,000 free induction decays were 
accumulated with an acquisition period ofO.16 S. 

The T d was set to 0.5 s and Ilt to 20 fLs. Under the 
aboye conditions, the chemical shifts given are 
considered reliable by ± 1 ppm. The areas under 
different speetral regions were computed by using 
the integration routine of the software supplied 
with the instrument. The four major chemical 
shitl ranges considered for integration were: 0-46 
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ppm = alkyl; 46-110 ppm = O-alkyl; 110-160 
ppm = aromatic/unsaturated; and 16G-200 ppm 
= carbonyl (Wilson, 1987). 

Statistical Treatments 

Attempts to identifY some different tenden
cies in the spectroscopic quantitative patterns in 
the plant species were carried out by discriminant 
analysis. The original data matrix consisted of the 
signal area values of the most prominent peaks in 
the spectra (the variables) from the plant and soil 
lipids (the individuals). When using the automatic 
backwards variable selection option, this treat
ment (ITCF, 1988) extracts the significant inde
pendent variables most useful for discriminating 
between the lipid samples previously classified 
into three supervised sets (pine, oak,juniper) and 
yields discriminant functions (linear combination 
of the original variables) that are useful for graph
ical representation, in a reduced-dimension space, 
of the similarities between the individuals under 
analysis. This is useful both to reveal any chemo
taxonomic potential of the 13C-NMR patterns 
in terms of vegetation type and to select objec
tively the most diagnostic NMR signals for every 
vegetation type. This method also indicates the 
extent to which the samples are properly classi
fied into the sets originally defined and yields the 
coefficients of the original variables in the dis
criminant functions. 

RESULTS 

Gas Chromatographic-Mass Spectrometric Analyses 

The majar constituents of the extractable 
lipids (Tables 2 and 3) were n-fatty acids (which 
represent between 4 and 54% of the total volatile 
compounds) and alkanes (up to 37%). 

The lipids from the O series did not yield any 
compounds other than the above-mentioned ma
jor constituents, whereas lipids from gyrnnosperms 
(P series,] series) yielded appreciable amounts of 
resin acids and cyclic hydrocarbons (up to 65.4%), 
the most abundant structures of which are shown 
in Table 2. Abietanes were more abundant in 
samples from the P series than from ] senes, 
whereas the opposite occurred with pimaranes. 
In general, and when compared with abietanes, 
labdanes (characteristic of juniper vegetation), 
and to a lesser extent pimaranes, are present in 
lower concentrations in soil samples than in leaf 
samples (Table 2). 

13C-NMR Spectra 

Figures 1, 2 and 3 show the spectral ranges 
most crowded with signals of the 13C-NMR 



TABLE 2 

Majar volatile compounds" in methylatcd lipid fractians Irol11 plant and soil material from Mediterranean forests of Central Spain 

Plant Plant Plant 
lipids Soillipids lipids Soillipids lipids 

P PI P2 P3 O 01 02 03 J JI J2 J3 

C 2-Alkylnaphthalenes 3.0 
o-Cadinene 0.5 D.7 0.3 0.7 0.1 4.5 
Totaral 9.7 
Manoyloxide 0.6 1.0 0.7 2.1 
Methyl 8,11, 13-abietatrien-18-oate [dehydroabietateJ 23.D 12.0 25.0 12.0 4.1 4.6 0.4 5.2 0.4 
14-lsoprapyl-13-l11ethoxy-podocarpa-8, 11, 13-trien-3-one 0.1 1.1 1.9 
Methyl 7, 13-abietadien-18-oate [abietate] 14.0 6.9 2.5 2.5 0.4 
Methyl 7,15-isopil11aradien-18-oate [isopil11arate] 1.6 3.4 3.2 0.4 3.0 2.0 1.5 1í.9 
Methyl t!(14), 15-isopil11aradien-18-oate [sandaracopimarate] 1.5 2.8 2.6 4.1 2.0 2.4 1.5 
Methyl 8(17), 12,14-labdatrien-19-oate [col11munate] 7.4 
McthyI8(14), 15-pil11aradien-18-oate [pimarate] 6.4 11.0 9.0 1.9 0.5 0.7 6.2 

MethyI2¡3-l2' (m-isopropylphenyl)ethyl]-I¡3, 3.D Ií.l 7.8 
3cx-dimcthyl-cyclohexanecarboxylate ]secodchydraabietate] 

Methyl 7 -oxodehydraabietate 1.3 2.1 
Methyl 7 -hydraxydehydraabietate 2.3 2.3 2.8 1.3 0.8 
Methyl 15-hydroxydehydroabietate 0.6 1.2 0.1 4.7 3.8 

"Representing more than 2% of the total chrol11atographic area in at least one of the 12 samples studied. Compounds representing less than 0.1 % (dashes) were not taken into account. Sample la

hels refer to Tahle 1. 



-c: 
al 
a. 

·0 
en 

Pine 

29 26 23 
32 

ppm 

Oak 

31 28 18 

25 
P 

14 

30 

29 

ppm 

11 
13 

I I 
46 40 

Juniper 
29 

31 

30 

I 
30 

22 
24 

I 
20 

ppm 

14 

I 
10 

J3 

I 
O 

Fig. 1. Details of the alkyl region of the 13(-NMR spectra of soil and plant lipid from continental Mediterranean 
forests. 
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Fig. 3. Details of the Q·alkyl region of the 13(-NMR spectra of soil and plant lipid from continental Mediterranean 
forests. 

spectra of the plant and soil extracts studied. As 
expected from the data in Table 2, most signal in
tensity is found in the aliphatic rangc from O to 
4-6 ppl1l. Nevertheless, signals are also observed in 
the O-alkyl rcgion (46-11 () ppl1l), which in
eludes weak resonances in the range between 46 
and 50 ppm, typical for saturated hOl1locyelic 
ring systel1ls. The range between 110 and 160 
ppm is assigned to aromatic and olefinic carbons. 
Between 160 and 200 ppm, carboxyl and car
bonyl structures are found. The tentative as signa
tions of the signals corresponding to distinct C 
types are compiled in Table 4. 

Apart from the major peak at 29 ppm ex
pected for straight-chain alkane carbons, the large 
number of distinct peaks in the (0-46 ppm) alkyl 
region (Fig. 1) suggests a substantial proportion of 
highly branched and/or cyelic structures. At first 
sight, these signals would not be assigned to diter
pene hydrocarbons, in particular because they are 
also well defined in soils under oak, where resin 
acids are missing in the chromatogram (T ables 2 
and 3). However, despite the major peak of ca. 29 
ppm, which suggests the dominance of carbons in 
long polymethylene chains, there was a charac-

teristic peak at 18 ppm in addition to other more 
or less constant peaks centered at ca. 23, 26, 32, 
and 38 ppm, which showed some systematic dif
ferences in terms of vegetation. In particular these 
peaks coincided with the chemical shifts of iso
prenoid-type structures, with the possible inelu
sion of periodic in-chain unsaturations. Of the 
natural compounds showing such a structure, the 
polyprenols (up to 30 isoprene units) have been 
studied most extensively (Sasak and Chojnaki, 
1973; Suga et al., 1989). It has also been observed 
that most peaks in the alkyl region (Table 4) co
incided with those of the major C-types in the 
repeated isoprene units, i. e., the major signals at 
23 (Cs-cis), and ca. 38 ppm (Cj-trans), ca. 27 (C4), 

and 18 ppm (w5) (Chojnacki et al., 1987; 
Swiezewska and Chojnacki, 1988). 

Other peaks in the 14 to 35 chemical shift 
range coincided with those reported for the car
bons in extreme positions of fatty acid chains: Ca 
produced a signal at ca. 34 ppm and C¡3 at ca. 24 
ppm. The resonances from subsequent carbons in 
acyl alphatic chains (Table 4) show a very similar 
chemical shift, contributing to the large 29-ppm 
signal. The carbons on the terminal side of the 



TA13LE 3 

Relative concentrations' of the major compound groups in lipid fractions from plant and soil material from Mediterraneall forests of Central Spain 

Plant Plant Plant 

Jipids Soil Jipids lipids Soil Jipids 

P PI P2 P3 O 01 02 03 

Total monoterpenes 0.3 2.6 0.7 
Total sesquiterpenes 0.5 0.5 0.7 1.1 0.1 4.9 0.8 7.0 0.7 
Total diterpenes 65.4 37.0 57.6 54.5 6.H 61.9 6.9 24.0 26.7 
Total abietanes 44.7 26.9 39.7 41.0 4.1 7.1 1.6 18.3 11.2 
Total pimaranes 20.7 10.1 17.2 12.2 2.7 43.0 4.6 5.7 10.0 

Totallabdanes 0.7 1.3 lU 0.7 5.5 
Total non-terpenic decaJins 1.2 1.5 0.6 3.4 
Total non-terpenic naphthalenes 0.8 0.9 
Total hydrocarbons (other than n-alkanes) 0.5 1.9 1.8 9.7 Ui 1.5 4.9 5.2 0.6 
Total aJicyclic (no aromatic ring) 35.2 18.7 18.6 20.7 3.4 62.2 10.2 12.5 15.H 
Total aromatic; (at least one ring) 30.7 15.1 29.3 19.7 5.0 4.6 1.0 18.5 11.6 

Total cycJics 65.4 38.7 58.3 60.0 H.4 6(¡.H 11.2 31.0 27.4 

Total n-alkanes 0.6 6.8 1.4 0.1 67.1 30.7 37.1 11.3 7.0 3.H 0.7 12.6 
Alkane CP¡b 0.3 0.1 3.6 0.1 0.2 0.9 0.2 O.(¡ 0.1 1.2 0.3 
Alkanes >C20/:oSC20 2.7 1.7 22.2 0.0 15.6 3.9 25.0 1.2 1.0 2.6 53.5 
Total n-fatty acids 4.4 2H.1 17.0 4.0 24.7 29.7 37.3 50.5 3.R 25.8 11.3 54.0 
Total unsaturated fatty acids 0.2 5.7 0.9 0.5 1.3 1.6 1.R 4.(, (l.4 0.6 3.1 1.8 
Fatty acid CP¡b 9.4 4.8 3.1 15.6 17.1 3.1 R.2 7.0 7.0 10.0 18.4 8.7 

Y acids >C20/~C20 1.0 1.0 2.5 1.2 0.5 0.4 2.1 0.6 0.4 0.5 0.3 3.9 

'Relative to the total chromatographic area. Compounds representing less than 0.1 % (dashes) were Ilot taken into account. Samplc lahels refer to Table 1. 

bCarbon preference index (molecules C 2n/molecules C2n+1). 



TABLE 4 

Tentative assignment' of 13C-NMR signals of the 

lipid fractionb from forests soils and plant leaves 

ppm Structure 

14 Terminal-CH} 
18 C Sw in isoprenoid chains 

22 -CH3 in isopropyl groups 
23 C s eís in isoprenoid chains; C2 in n-alkyl; w2 in aeyl 

ehains 

24 C} in n-acyl chains acids; branched -CH} groups 

25 -CHr in cyclic structures 
26 C lw in isoprenoid ehains 

27 C 4w in isoprenoid; allylie carbons (eís) in unsaturated 
acyl chains 

29 -CH2- in long alkyl chains 

32 C l trans-cis in isoprenoid chains; C 3 in n-alkyl; w3 in 

aeyl chains 

34 C 2 in n-fatty acids; C l cis-cis in isoprenoid chains; 

alIylic carbons (trans) 
38 -CH2-trans-trans 

47 Quaternary carbons 

49 Quaternary carbons in hydroaromatic ring systems 

50 Tertiary carbons in cycloalkane structures 
51 C-oc in phenylpropanoid-type struetures 

52 C-~ in phenylpropanoid-type struetures 
56 Methoxyl carbons 

62 Ca in triacyglycerols, C~ in ~-O-4 lignin units; 

C 1 in long ehain alcohols 
64 Etherated secondary carbons, Ca in mono and 

di-acylglycerols 

69 Etherated tertiary carbons, C~ in triacylglyeerols 

72 e~ in mono- and di- acylglycerols 
122 Olefmie earbons 

123 -C = C- in cycloalkene struetures 

124 el cis in isoprenoid units 
127 e l-e3 in diterpene-like ring systcms. C-~ in 

Ar-CH=CH-CH20H 

12H Ullsubstituted arolllatie carbons; oletinie earbons in 
aeyI chains 

130 e-oc in Ar-CH=CH- or ArH; e 4 in diterpenes; 

olefinic earbons in aeyl chains 

135 C 2 cis in isoprenoid units 

150 e} and C s in syringyl units 
17 4 Carbonyl earbons 

'In the case of the branched alkyl ehains, the carbons are 

conventionally referred with the nomenclature of the iso
prenoid units. 

bExtracted with petroleum ether (40-70°C). 

chain produce signals at 14 ppm for Cw1, -23 
ppm for Cw2, and 32 ppm for Cw3, which coin
cides with peaks found in all the lipids under 
analysis. In addition, when unsaturated fatty acids 
are present, the allylic carbons should contri bu te 
to the 27-ppm signal (cis) and the 34-ppm signal 
(trans) (Gunstone, 1994, 1999). 

Quantitative data for the different types of 

alkyl carbons (Table 5) show clearly that transfor
mation in the soil in all cases is accompanied by 
the increase in concentration of polymethylene 
structures (31-28 ppm) at the expense of the 
other alkyl C-types, including the other sec
ondary carbons in the 28 to 24-ppm chemical 
shift range. 

Most defined signals in the region for aro
matic/unsaturated carbons are at ca. 124, 127, 
128,130, 135, and 150 ppm. The differences be
tween soil and plant lipids were much more 
marked in this spectral region: In lipids from soils 
under pine, there was so me increase in complex
ity in relation to plant lipid, whereas the opposite 
was observed in juniper soils. 

That the two major signals in the aromatic
unsaturated spectral range (135 and 124 ppm; Fig. 
2) showed low intensity compared with e.g., the 
published polyprenol spectra suggests that the 
structures present in soillipid do not consist pri
marily of unsaturated chains. In this region, olefinic 
carbons in unsaturated fatty acids contri bu te 
about 130 ppm to the signal intensity (Polesello 
et aL, 1993; Gunstone, 1994). 

In the case of pine samples, a different ten
dency was observed in the concentration of het
erosubstituted structures in the soil samples, which 
could be interpreted as a relative increase of 
resins. This is not observed in juniper soils, prob
ably because of the comparatively greater reactiv
ity of the labdanoic skeleton, which agrees with 
the GC/MS data in Table 3. 

The O-alkyl region (46-110 ppm) showed 
common spectral features in soil and plant lipids. In 
addition to the 56-ppm methoxyl peak, there was 
no typical signal pattern attributable to structures of 
sugars (which would be expected from glycolipid 
residues) or side-chains of lignin methoxyphenols 
(present in oligomer residues extracted from soil 
or plant materials). The most frequent and in
tense signals appeared at ca. 62 and 64 ppm, 
which coincided with those characteristic of 
acylglycerols (Gunstone, 1994); the soils under 
juniper also showed defined peaks at 69 and 72 
ppm. All of these signals showed the same chem
ical shifts as those of triglycerides as well as 
mono- and diglycerides. The signals at around 62 
and 69 ppm coincided with those of the Ca and 
C¡3 of triacylglycerols, respectively, whereas the 
shifting of the aboye signals at ca. 64 and 72 ppm 
is typical of Ca and C¡3 carbons in mono- and 
di-acyl glycerol esters (Gunstone, 1994). Apart 
from the possible contribution of acylglycerols, 
the presence of esters, including high molecular 
weight waxes and estolides, is well documented 
in pine and Cupressaceae leaves (Walton, 1990) 
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and may be invoked to explain the presence of 
well defined signals in the O-alkyl region. 

DISCUSSION 

When the differences in 13C-NMR signal in
tensity between lipids from soils under different 
vegetation were analyzed using multivariate statis
tical procedures, the potential of 13C-NMR to re
veal differences in terms of the lipid was discov
ered. Discriminant analyses showed not only the 
expected differences between plant lipid and soil 
lipid but also differences regarding the three types 
of vegetation analyzed. Figure 4 shows the scatter
diagrams obtained using the peak area measure
ments as descriptors and the vegetation type as the 
classification factor. I t was evident that even the 
data obtained for the Iipid subspectra correspond
ing to the different types of carbons were usefi.ll (P 
< 0.(5) in recognizing the original forest on the 
soil. Inasmuch as the coefficients were calculated 
from standarized data, after backwards automatic 
selection of variables, the different coefficients of 
the discriminant functions indicate the most diag
nostic NMR peaks in terms of vegetation. 

On the other hand, that NMR spectra sug
gest a large variety of structures that are not ap
parent in the standard GC/MS analysis. These 
could be interpreted as the presence in the lipid 
samples of a large number of nonvolatile struc
tures that include inherited transformed esters 
that could have survived the microbial saponifi
cation in soil, as well as much more complex ma
terial, such as very long-chain individual mole
cules and/or highly branched polyalkyl backbones 
including unsaturated and cyclic structures. For 
the signals in the O-alkyl region, a decreased in
tensity observed in the O and J series showed a 
loss of these structures. 

In particular, the 13C-NMR spectra resemble 
those from the material removed from humic 
acids with organic solvents by supercritical gas 
extraction (Schnitzer and Preston, 1987), which 
suggests complex aliphatic material of a nature 
similar to that described in the present study as 
well as those obtained by Ambles et al. (1991) for 
the polar soillipid fraction. These authors suggest 
that from a molecular viewpoint, the most com
plex portion of the lipid fraction shows features 
in common with the protokerogen fraction of 
sedimentary organic matter formed by the selec
tive preservation of resistant biomacromolecules 
(Hatcher et al., 1980; Tegelaar et al., 1989; de 
Leeuw et al., 1991; Ambles et al., 1993). 

In conclusion, soil lipids represent an inter
esting soil fraction. These include low mole
cular weight biomarker products in addition to 
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nonvolatile products that can be analyzed by 13C_ 
NMR and that show diagnostic features in terms 
of vegetation. 

ACKNOWLEDGMENTS 

This research was supported by the Spanish 
CICyT under projects AMB99-0907 and PB95-
0079. 

REFERENCES 

Almendros, G., J. Sanz, and F. Velasco. 1996. Signa
ture of lipid assemblages in soils under continental 
Mediterranean forests. Eur.J. Soil Sci. 47:183-196. 

Ambles, A, J. c. ]acquesy, P. ]ambu, J. ]offre, and R. 
Maggi-Churin. 1991. Polar lipid fraetion in soil: A 
kerogen-like matter. Org. Geoehem. 17: 341-349. 

Ambles, A., P.]ambu,J. C.]aequesy, E. Parlanti, and B. 
Seeouet. 1993. Changes in the ketone portion ofli
pidie eomponents during the decomposition of 
plant debris in a hydromorphic forest-podzol. Soil 
Sei. 156: 49-56. 

Andreyev. L. V., I. B. Nemirovskaya, D. I. Nikitin,A Yu. 
TOl11ashchuek, and K. A. Khmel'nitskiy. 1980. Lipid 
eomposition ofhull1us. SOy. Soil Sei. 12: 406-412. 

Braids, o. c., and R. H. Miller. 1975. Fats, waxes, and 
resins in soil. In Soil Components, Vol. 1. Organie 
Components.J. E. Gieseking (ed.). Springer-Verlag, 
Berlin, pp. 343-368. 

Breger, I.A 1966. Geochemistry of lipids. J. Am. Oil 
Chem. SoC. 43: 197-202. 

de Leeuw,J. W., P. F. van Bergen, B. G. K. van Aarssen, 
J. P. L.A Gatellier, andJ. S. Sinninghe Damsté. 1991. 
Resistant biomacromolecules as major eontributors 
to kerogen. Phil. Transaet. Royal Soc. London B, 
333: 329-337. 

Chojnaeki, T., E. Swiezewska, and T. Vogtman. 1987. 
Polyprenols from plants-Struetural analogues of 
mammalian doliehols. Chem. Ser. 27: 209-214. 

Dinel, H., M. Schnitzer, and G. R. Mehuys. 1990. Soil 
lipids: Origin, nature, content, decomposition, and 
effect on soil physieal properties. In Soil Biochem
istry, Vol. 6.J.-M.13011ag and G. Stotzky (eds.) Mar
eel Dekker, New York, pp. 397-429. 

Gerothanassis, I. P. 1986. Simple referenee baseline 



subtraetíon - 90° pulse sequence for aeoustie ring
ing e1imination in pulsed Fourier transform NMR 
speetroscopy. Magn. Reson. Chem. 24: 428-433. 

Gunstone, F. D. 1994. High resolution 13e NMR. A 
technique for the study oflipid strueture and com
positíon. Progr. Lipid Res. 33:19-28. 

Gunstone, F. D. 1999. High-resolution NMR spec
troscopy as an analytieal too!. Lipid Teehno!. 11: 
39-41. 

Hatcher, P. G., R. Rowan, and M. A. Mattingly. 1980. 
lH and 13C NMR of marine humic acids. Org. 
Geochem.2:77-85. 

InstitutTeehníque des Céréales et des Fourrages (ITCF). 
1988. STAT-ITCE Manuel d'Utílisation. Impres
sions Atelier, Paris. 

Jambu, P., G. Coulibaly, P. Uilong, P. Magnoux, and A. 
Ambles. 1983. Influenee of lipids on the physical 
properties of soils. 1/1 B. Novak (ed.). Swdies about 
Humus, Vo!. I.. Transactions of the VIIth Interna
tional Symposium. lnstitute of Crop Protection, 
Prague, pp. 46-50. 

]ambu, P., E. Fustee, and R. ]acquesy. 1978. Les lipides 
des 5015. Nature, origine, évolution, propriétés. Bul!. 
AFES (Association frallpise pour l'Etude du Sol) 
4:229-240. 

Lynch,j. M. 1976. Products of soil microorganisms in 
relation to plant growth. Crit. Rev. Microbio!., 
Nov. 67-107. 

Philp, R. P. 1985. Fossil Fud Biomarkers. Applications 

and Spectra. Methods in Geochemistry and Geo
physies, EIsevier, Amsterdam. 

Pollesello, P., R. Toffanin, O. Eriksson, L KilpeEiinen, 
P. H. Hynninen, S. Paoletti, and N. E. L. Saris. 1993. 
Analysis of lipids in crude extraets by DC nuclear 
magnetic resonanee. Ana!. Biochem. 214: 238-244. 

Sasak, W., and T. Chojnacki. 1973. Long-ehain poly
prenols of tropical and subtropical plants. Acta 
Bioehim. Po!. 20: 343-350. 

Schnitzer, M., and C. M. Preston. 1987. Supercritical 
gas extraetion of a soil with solvents of increasing 
polarities. Soil Sci. Soco Am. j. 51 : 639-646. 

Stevenson, Ej. 1982. Soillipids. [/1 Humus Chemistry. 
John Wiley & Sons, New York. pp. 172-194. 

Suga, T., S. Ohta, A. Nabi, and K. Munesada. 1989. 
Glyeinoprenols: Novel polyprenols possessing a 
phytyl resldue from the leaves of soybean. J Org. 
Chem. 54: 3390-3393. 

Swiezewsb, E., ;llld T. ChoJnacki. 1988. Long-chain 
polyprenols in Gymnosperm plants. Acta Biochim. 
Po!. 35:131-147. 

Tegelaar, E. W., J W. de Leeuw, S. Derenne, and C. 
Largeau. 1989. A reappraisal of kerogen forrnation. 
Geoc him. Cosrnochirn. Acta 53: 3103--3106. 

Waltoll. T.J. 1990. Waxes, cutin and suberin. Methods 
Plant Biochem. 4: 106-158. 

Wilson, M. A. 1987. NMR Techniques and Applica
tions in Geochemistry and Soíl Chemístry. Perga
mon Press, Oxford, UK. 


