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Abstract

Soil fluxes of greenhouse gases and other gases during cultivation of crops influence the environmental balance
of renewable raw materials. Methane uptake by soils can improve this eco-balance. Agricultural and not
cultivated upland soils remove methane from the atmosphere due to microbia activity. The uptake rates of
cultivated soils are usually lower than the methane consumption by forest soils and other non-fertilised soils.
Until now, the ranges of the soil sources and sinks are highly uncertain. In the present study, soil emissions were
measured at an experimental field, where different short rotation crops were cultivated for the use of biomass as
biofuels. The aim of the soil emission measurements was the evaluation of environmental effects in connection
with different fertilising levels of the cultivated plants. Four times weekly, gas samples were taken from gas flux
chambers (cover boxes) and analysed by gas chromatography. The results showed that soil temperature was the
main reason for the seasonal change of the methane uptake. Whereas the uptake dropped near to zero during the
winter period, the specific uptake rates reached values up to 0.6 mg CH, m?d™* (25 pg CH, m?h™) in the
summer. These highest values were measured at areas with cocksfoot (orchard grass - Dactylis glomerata) and
rye plots with a fertilisation level of 150 kg N ha* a*. At poplar plots, only maxima of about 0.25 mg CH, m? d™
were found. In contradiction to reports found in literature, nitrogen fertilising (saltpetre of lime and ammonia) did
not inhibit, but enhance the methane uptake in soils except the plots with willows, where an inhibition effect due
to nitrogen fertilising was observed.

Introduction

Biological activity causes gas fluxes between soil and atmosphere. Many soil organisms consume oxygen and
produce carbon dioxide and other gases. Depending on soil conditions, some of the soil species can utilise
hydrogen (H,), carbon monoxide (CO), or methane (CH,) as an energy source. Especially in anoxic natural
environments like in hydromorphic soils (wetland soils), methanogens produce CH, and methanotrophs consume
CH, (Heyer 1994, Conrad 1996). The remaining CH,-balance leads to a CH,-soil partial pressure, which results
in the emission of CH, or in the uptake of CH,. This depends on the difference to the atmospheric CH,-level.
Temperature, moisture, soil properties, and other conditions determine the concentration gradient, and thus the
flux rate.

Agricultural and not cultivated upland soils remove methane from the atmosphere. The uptake rates of cultivated
soils are usually lower than methane consumption by forest soils and other non-fertilised soils. The fluxes of trace
gases between soil and atmosphere show a high variability with respect to site and time. Until now, the ranges of
the soil sources and sinks are highly uncertain. The actual global estimates indicate that the soil uptake of
methane reduces atmospheric methane by 15 to 45 Tga’. On the other hand, the total annual emissions of
methane, caused by human activity, are estimated to be about 300 - 400 Tga' (IPPC 1992). There are some
values for the methane uptake rate in sails, covering2 only selected soil types and climatic conditions. The
observed uptake rates range from 0.1 to 0.6 mg CH, m* d™ (e.g. Heyer 1994, Teepe 1999, Goossens et al. 2000,
Erda 2000).

Although methylotropic bacteria, which oxidise CH,4, have been known for two decades (Colby et al. 1979), the
species responsible for methane uptake in soils at the atmospheric mixing ratio could not be isolated so far
(Bender and Conrad 1992, Conrad 1996). It is assumed that methanotrophs are responsible for methane oxidation
at higher concentration levels as well as at an atmospheric mixing ratio (Bender and Conrad 1994, Conrad 1996).
The oxidation of methane at atmospheric mixing ratios is not clear in al details up to now (Koschorreck and
Conrad 1993, Yamulki et al. 1999). The known methanotrophs are unable to grow on atmospheric methane.
M ethanotrophs reduce methane emissions especially in wetland soils, where intensive methane production can be
found (Higgins et a. 1981, King 1992).

Fertilisation as nutrient supply influences the biological activity in the soil. Since nitrate ions (Steudler et al.
1989) and ammonia ions (Moiser et al. 1991, Hitsch et al. 1994) can hamper the methanogens, nitrogen
fertilising should reduce the production of methane. The consumption of methane in the soil generates a



concentration gradient. As the transport of methane usually is controlled by diffusion, the soil properties (pore
volume, pore distribution, pore structure, water content, air capacity etc.) determine the diffusion resistance, and
therefore the uptake rate. Different uptake rates are expected for cultivated land. Climatic conditions, soil type,
cultivation practice and cultivars control gas exchange between soil and atmosphere and thus the methane flux
rates.

In the present study, soil emissions have been measured in an experimental field, where different short rotation
crops were cultivated for the use of biomass as hiofuels. The aim of the soil emission measurements was the
evaluation of environmental effects in connection with different fertilising levels of the cultivated plants.

M aterials and M ethods

The measurements were performed in an experimental field (Fig. 1). The soil had sufficient homogeneity. The
mean and standard deviations (s) of 40 soil samples were (Pagel et a. 1995, Scholz et al. 1999): clay content
6.4 % (s 1.3 %), organic carbon content 0.91 % (s: 0.14 %) and pH value 6.0 (s. 0.34). The field had been
subdivided into 40 plots (624 m? each, except Orchard grass - also called Cocksfoot grass; Fig. 1). Ten different
plant varieties or plant combinations were arranged as columns, and the different fertilisation was realised in four
rows. There were plots without fertilisation (D), and plots with a different level of nitrogen fertilising (A:
150 kg N ha*a™; B and C: 75 kg N ha'a™) supplemented by PK-fertiliser (A), wood ashes (B), and straw ashes
©).

e Fig. 1 Experimental field for the
cultivation of energy plants. Plots
with different plants and different
type of fertilising level are indicated.

The gas flux measurements have been performed four times a week by utilisation of an automated GC (Loftfield
et al. 1992 & 1997). On measuring days, gas samples were taken from 25 gas flux chambers at different plots.
The gas flux cambers (volume 64 dm®) had a volume to area ratio of V/A =0.315m. Two evacuated gas
samplers (100 cm?® bottles with taps) were connected with each box. The first was opened, when the box was put
on the water-sealed ring at the soil and the second one after about 100 minutes' collecting time. Then the boxes
were removed and the samplers were connected with the GC-injection control system. In the course of the
automatic GC-measurement, the samplers were checked, the GC calibrated and the concentrations determined.
Automated GC analysis improves the accuracy. For CH, analysis, the FID detector of the GC was applied. 64
samples could be analysed in one computer-controlled run. From the sample volume, 3 cm® were injected. At
atmospheric mixing ratios, the coefficient of variation was 2.1% for CH, measurements. The standard deviation
for complete flux determination (gas sampling and concentration measurement) was 0.6 ug m2h™* (50 g ha* a*)
for CH,.

Results and discussion

In the first two years of this study (1997-1998), the gas analysis was performed weekly by means of an FT-IR-
spectrometer (Hellebrand and Scholz 1997, 1998, 2000). Methane uptake could be observed only qualitatively
because of the lower accuracy of the FT-IR gas analysis in comparison to GC measurements. In addition, the
weekly gas sampling hampered a quantitative evaluation. Due to GC analysis, a significant improvement could be
achieved and the methane uptake was measurable with sufficient accuracy.

The methane uptake clearly depended on soil temperature (Fig. 2). Whereas the uptake dropped to values of
around O to 5 pug CH, m?h™* from December till April, the uptake rates reached values in the range from 10 to
20 pg CH, m?h™ between May and November. Since we find different unitsin literature, the conversion is:

10 pg CH, m?h™* are equal to 0.24 mg CH, m?d™, to 2.4 g CH, ha*d™, or to 0.876 kg CH, ha™*a™.



Fig. 2 Soil temperature in
20 cm depth (dliding mean
value of 30 days) and mean
soil uptake of atmospheric
methane in the course of
1999/2000.
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The highest values were measured in areas with cocksfoot (orchard grass - Dactylis glomerata) and rye plots with
afertilisation level of 150 kg N ha* a* (Fig. 3). In poplar plots, only maxima of about 10 pg CH, m?h™ were
found for this fertilisation level. Methan uptake was at its highest in willow and triticale plots, when no fertiliser
was applied (Fig. 4). In dependence on plant variety, a different influence of fertilisation (satpetre of lime and
ammonia) was observed. The methane uptake was reduced by 30% for plots with willowsin case of fertilisation.
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On the other hand, a near doubling of the uptake rate was observed at the highest fertilisation level
(150 kg N ha'a?) in plots with rye and in plots with orchard grass. In case of plots with poplars and with
triticale, no significant influence of fertilisation on the methane uptake was found. In contradiction to reports in
literature, a clear inhibition of methane uptake due to nitrogen fertilising cannot be stated, except for plots with
willows. Moreover, nitrogen fertilising seems to enhance the methane uptake of cultivated soils (Table 1).
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Further measurements over several years are necessary to strengthen the findings here and to clarify, if these
effects are really caused by the different cultivars, and not by the variability of the soil. As a final result,
700 g CH, ha' a* is the mean value for the methane uptake in loamy sandy soils (Table 1). Considering the
environmental balance of renewable raw materials, the methane uptake discussed above results in a
comparatively small CO,-compensation of 15 kg CO,ha’a!, when the CH, global warming potential
(GWP = 21) for a 100 year time horizon is used (IPPC 1995).

Table 1: Soil uptake of methane at plant plots with a different level of fertilisation in kg CH, ha* a*

Plants Level of fertilisation M ean value
OkgNha'a® 75kgNha'a'’ 150kgN ha'a®

Poplar 0.25 0.29 0.50 0.35
Willow 1.00 0.57 0.51 0.69
Rye 0.46 0.63 0.96 0.68
Orchard grass 0.52 0.75 0.98 0.75
Triticale 0.89 1.02 0.91 0.94
Mean value 0.62 0.65 0.77 0.68

Conclusions

Methane uptake rates could successfully be determined using gas flux chambers and gas analysis by means of an
automated gas chromatograph. It turned out to be that gas analysis by FT-IR measurements does not reach the
required accuracy.

The methane uptake strongly anti-correlates with the soil temperature, having lows between 0 and
5 ug CH, m?h™* during the winter season and highs near 10 to 20 pg CH, m?h™ during the summer. The annual
mean value of the methane uptake over all measurementsis 0,7 kg CH, ha* a*.

The methane uptake by soils depends on the type of cultivar and on the level of fertilisation. The highest values
were measured in areas with grass and rye plots at a fertilisation level of 150 kg N ha® a®. Plots with willows had
areduced methane uptake of 30 %. The methane uptake in plots with poplars and triticale was not influenced by
fertilising.
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