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Abstract

Lately, a significant negative correlation
between proportions of the compound class
of sterols from pyrolysis-field ionization
mass spectrometry (Py-FIMS) and net N
mineralizability of soil organic N was found.
However, main plant sterols (p-Sitosterol,
Stigmasterol, and Campesterol) cannot be
clearly verified and quantified with Py-FIMS,
and there are only very few studies on
measuring concentrations in soils. Thus, the
objective was the extraction, identification
and quantification of typical plant sterols and
their relation to net N mineralization rates.
The three sterols were identified and quanti-
fied in lipid extracts (Soxhlet procedure)
using gas chromatography - mass spectro-
metry (GC-MS). Concentrations were similar
to few other available studies, but concen-
trations of the three sterols were not signifi-
cantly correlated with net N mineralizability.
As quantification was difficult due to co-
elution, further optimization of the metho-
dology is necessary. In addition, the under-
lying mechanisms also need to be clarified.
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1 Introduction and objective

Many sandy arable soils of NW-Germany
show relatively high soil organic matter
(SOM) contents (8 - 59 mg kg™), but rather
low mineralizability of organic N (Heumann
et al. 2002) and C (Springob & Kirchmann
2002). For nine of these soils (clay < 50 mg
kg™, organic C ranging from 11 - 52 mg kg™)
we found a highly significant negative corre-
lation between the long-term net N minerali-
zation rates and the proportions of the
compound class of sterols (in % of total ion
intensity, TIl) from pyrolysis-field ionization
mass spectrometry (Py-FIMS, see M+M)
(Fig. 1; Heumann et al. 2011). The correla-
tion was even closer with the attributed TII
proportions of only B-Sitosterol, and slightly
less close for Stigmasterol and Campeste-
rol. However, these typical main plant
sterols (e.g. Otto and Simpson 2005) cannot
be clearly verified and quantified with Py-
FIMS, and there are only very few studies
on measuring concentrations of certain
sterols in soils. Thus, our objective was the
extraction, identification and quantification of
typical plant sterols and their relation to net
N mineralization rates.
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Fig.1: lon intensity of sterols (Py-FIMS) vs. net N
mineralizability (from Heumann et al. 2011)

2 Material and methods

Sites and soils

- six sandy, mostly podzolized arable soils
(Tab. 1) from Northern Germany, that have
showed the closest correlation in Fig. 1
(regression line from Heumann et al. 2011)



Tab 1:

sample Corg Niot C:N soil type (FAO)
no. mgkg' mgkg®’
S2 14 0.96 15 Gleyic Podzol
S4 21 0.99 21 (Stagni-)Haplic Podzol
S5 32 1.79 18 (Stagni-)Haplic Podzol
S7 52 2.26 23 Gleysol
S8 22 0.97 23 Gleyic Podzol
S9 35 1.02 34 Gleyic Podzol

Mineralizability of organic N

- long-term laboratory incubations over 200
days were used to determine two N pools
(Heumann et al. 2002):

Nmin (t) = N fast(l_ e_kfastt) + N (1_ efkslowt)

slow

- mean net N mineralization rates of pool
Nsiow relative to soil organic N were defined
as mineralizabilty of soil organic N

Py-FIMS

- the molecular-chemical composition of
SOM was analyzed in 3 replicates

- detected m/z-signals were amalgamated to
compound classes (Schulten and Leinweber
1999)

Sterol extraction, identification and quantifi-
cation via GC-MS

- Soxhlet-extraction (= well-established
methodology after Jansen et al. 2006): 509
air-dried soil (Wtsi) was extracted by boiling
in 250ml of a 93:7 (vol/vol) mixture of the
organic solvents Dichloromethane and
Methanol for 24 h. Lipid extracts (sterols are
lipids) were cooled and dried using a rotary
evaporator.

- GC-MS measurements: Dried extracts
were measured after trimethylsilylation with
BSTFA (N,O-bis(trimethylsilyltrifluoroaceta-
mide) on a 60 m HP5-MS column (0.25 mm
internal diameter, 0.25 um film thickness,
J&W Scientific, USA). Here, the sterane
5(a)-androstane was used as an internal
standard (is). For quantification, separate
measurements were done for standards
(StS) of the three main plant sterols [-
Sitosterol, Campesterol, and Stigmasterol
(HPLC-grade; Chromadex, USA) together
with the internal standard (IS) in order to
determine the relative response factors
(RRF) of the three sterols. Identification was
done using the libraries NIST08 and Wiley.
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P: peak area

Wt: weight (for GC-MS measurement)

StS: sterol standards

IS: internal standard (Androstane), measured with StS

RRF =

Py
Wt, = RRF P Wt
i

X : substance x (here: certain sterol)
is: internal standard (Androstane), measured with extracts

oW
* Wtsoil

Cy: concentration of substance x (sterol) in the soil

Statistics

- Spearman's rang correlation coefficient r
was determined for correlations, since it is
independent from the distribution

3 Results and discussion

Concentrations of lipid extracts

The concentrations of lipid extracts (Tab. 2;
per g soil and per g Corg) varied strongly, but
were in the same range as reported else-
where (Wiesenberg et al. 2004, 2006).

Tab.2:
Lipid extract Lipid extract Campesterol Stigmasterol
mg g soil mg g’ Corg pug g” soil ug g* soil
S2 0.76 54.0 0.21 0.30
sS4 0.23 11.0 0.03 0.04
S5 0.44 13.8 0.20 0.09
S7 0.18 35 0.06 0.08
S8 0.45 20.3 0.18 0.14
S9 1.33 38.0 0.06 0.04
B-Sitosterol  net N mineralizability  sterols (Py-FIMS)
ug g'1 soil mg Ngow pPer % of Ny, % of total ion int.
S2 0.54 0.348 1.9
sS4 0.13 0.285 33
S5 0.65 0.191 4.8
S7 0.21 0.396 0.7
S8 0.64 0.117 5.6
S9 0.28 0.099 6.3

Concentrations of three main plant sterols

Concentrations of 3-Sitosterol were compa-
rable to few similar studies (Jansen et al.
2006; Otto and Simpson 2005). The three
sterols together amounted to less than 1 %



of the total lipid extracts (Tab. 2).

However, quantification was somewhat diffi-
cult due to co-elution in the chromatograms.
Here the peaks were split, but optimizations
(choice of columns, heating procedure)
might further improve the quantification.

Correlations

Concentrations of single sterols as well as
of the sum of the three studied sterols were
not significantly correlated to net N minerali-
zation rates per g of soil or per g of total N
(Fig. 2), to Cqy, lipid extracts or sterol inten-
sities from Py-FIMS.

0.5

® Campesterol
" v  Stigmasterol
< 0.4 A ov =] B B-Sitosterol
© o ]
oS v
s 3
o 4
% - 03 oy
N B
© 2
s - 0.2 A v )
£ 9
E o
) =]
z E oi{w 7 =
)
P4
0.0

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

sterol concentration /ug g* soil

Fig.2: Soil concentrations of three plant sterols (GC-
MS) vs. net N mineralizability (P > 0.05)

This is in contrast to earlier results when
sterols were estimated by Py-FIMS (Fig. 1)
which could possibly be due to the incom-
plete extraction of ester- und etherlinked
sterols (Otto and Simpson 2006), whereas
Py-FIMS also detects these compounds.
There were significant correlations only
within single concentrations of quantified
sterols (Fig. 3).
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Fig.3: Correlations between soil concentrations of
three different plant sterols from GC-MS

4 Conclusions

Via GC-MS the three main plant sterols [3-
Sitosterol, Campesterol and Stigmasterol
were identified and concentrations in the soil
quantified. However, there were no signifi-
cant correlations between sterol concentra-
tions and net N mineralization. This could be
due to incomplete extraction as well as to
co-elution in the chromatograms. Thus,
further optimization of the methodology is
necessary for more accurate quantification.
The underlying mechanisms also need to be
clarified.
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