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Abstract. Long-term field observations showed thag elevated C@ must have stimulated both the® production
fluxes observed shortly after N application were not signifi- and reduction to Nto explain the increased-No-N,O ra-
cantly affected by elevated G@n the Giessen Free Air Car- tio and at the same time explain the non-responsiveness of
bon dioxide Enrichment (FACE) study. To further investigate the NbO emissions. Thus, the observed variation of theeCO
this unexpected result’&N tracer study was carried out un- effect on NO emissions throughout the year is possibly gov-
der controlled conditions where in parallel treatments eithererned by the dynamics of thes® reductase activity.

the NH} pool (>NH4NO3) or the NG pool (NH}°NOs)
was enriched with®N. Fluxes of CG, CHy4, and NO as well

as the'®N enrichment of the BO were measured. Denitrify-
ing Enzyme Activity (DEA), total denitrification (pH+ N2O)
and Np-to-N2O ratios were quantified in separate experi-
ments. Over the 57 day incubation,® fluxes averaged
0.090ng NO-N g1 h~1 under ambient and 0.083 ng®-
Ng~1h~1 under elevated CO(not significantly different).

1 Introduction

The level of earth’s atmospheric carbon dioxide ¢x©on-
centration has risen fromy280 pl - at the start of the in-
dustrial revolution to greater than 385 ptitoday, and is ex-
. . s _pected to exceed 700 i} by the end of this century (IPCC,
The N,O production processes were identified by a two 2007). Elevated atmospheric Gancreases the plant pro-

source model. Results showed thatONmust have also ductivity and abovearound biomass resulting in a substantial
been produced by a third source — possibly related to or- uctivity vegrou : SS resuiting in a substantl

ganic N transformation — which was stimulated by elevatedallocat'on of carbon (C) to belowground that may lead to a

COy,. Soil CO, fluxes were approximately 20 % higher un- general increase in Cinputs in soil. This additional C s likely
der elevated C®than soil from ambient but the differences to fuel belowground microbial processes and may alter both

were not significant. Clloxidation rates were on average Cand N cy_cllng n soil. Any chgnge in C and N flow and
~1.75ng CH-C g~ h~1 in the elevated ané-1.17 ng CH- transformation will affect the soil-atmosphere exchange of
Cgth~1 in the ambient indicating that elevated E@- biogenic trace gases. The accumulation of greenhouse gases
creased the CHoxidation by 49% compared to ambient (GHG) in the gtmosphere dpes alter t.he earth's radiative bal-
CO; under controlled conditions. N fertilization increased a?c? a:gg'; Illléegcregggg.sgle .‘;ﬁr ctllrr}atez(;:?gngi\l(t\r/]Vatsck)}n
CH4 oxidation by 3-fold in both CQ treatments. C@did g al, b f’ h ’ " b, dmlt € a'r’] )- Nodug
not have any significant effect on DEA while total denitrifica- Oz is y far the most abuhcant greennouse gas) kn .
tion and N-to-N»O ratios increased by 36 and 33 %, respec-CH“ are important atmospheric trace gases because of their

tively. The results indicate that shortly after N application unique radiative properties and their long residence time in
the atmosphere resulting in global warming potential of 296

and 21 times that of C& respectively (IPCC, 2007). In ad-
dition, NoO and CH participate in other atmospheric reac-
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is continuously rising and since the pre-industrial era it hastion no significant difference in §O emissions was detected.
increased by 15 and 145 %, respectively (Watson et al., 1992Differences in N cycling and/or stimulation of different mi-
Houghton et al., 1996; IPCC, 2007). crobial groups under elevated g@ere made responsible
Soil plays a major role in the global accounting of C not for the observed results. 2N tracing study with soil taken
only due to large amount of C stored in soil, but also sincefrom the Giessen FACE study showed that under elevated
soil contribution to the annual flux of GQo the atmosphere  CO; the turnover of N changed towards a higher N cycling
is 10 times that contributed by fossil fuel burning (Post et al.,speed (Miller et al., 2009). To explain the JO response
1990). Respiration fluxes of CQOn grassland ecosystems to CQ; it is particularly important to study in detail the peri-
under elevated Covaried from a 10 % decline to a 162 % ods following N fertilizer application because these are times
increase with a mean response of 51 % increase (Zak et alwhen high NO emissions occur and when most of the annual
2000). Reich et al. (2001) found a 13 % greater,Gloxes N2O is produced. Thus the objective of this study was to de-
per unit mass under elevated atmospherico CGimilarly, termine the extent to which elevated €€bncentration may
Smith et al. (2010) reported that soil @&lux in an arable  change soil-atmosphere exchange of GHG §CCH; and
soil was significantly greater under elevated £2ing in  N2O) from grassland soil that had been under the influence
the range of 15 % to 50 % compared to ambient,CO of elevated CQ@ for more than 6 yr.
In addition to soil CQ flux, elevated atmospheric G@an
affect other greenhouse and reactive trace gases iga@t
N>O and studies so far provide contradictory results. Inesorp  Material and methods
et al. (1998) measured fluxes ob®, CH; and CQ from
soils under ambient and elevated £4 the Swiss FACE ex- 2.1  Site description
periment in plots olLolium perenneand reported increased
N2O emissions by 27 % under elevated £@hile ambient  The grassland site (Environmental Monitoring Climate Im-
plots oxidized consistently more Ghhan the elevated plots pact Research Station) is located®32 N and 841.3 E at
indicating that elevated GOmay result in the inhibition of an elevation of 172m above sea level near Giessen, Ger-
CHg oxidation. Cheng et al. (2006) reported a 58 % increasemany. The semi-natural non-grazed grassland has been man-
in CHy flux from rice paddies under elevated &Qrhis in- aged extensively as a meadow for at least 50yr, fertilized
crease was attributed to greater root exudates and numbevgith 40 kg N halannunt! as calcium ammonium nitrate
of tillers, resulting in more surface area for the release ofand mown twice per year. The annual mean precipitation
CHj, to the atmosphere (Ziska et al., 1998; Inubushi et al.,and temperature (last 35 yr) are 644 mm and®@.9The veg-
2003). In another study, Arnon and Bohlen (1998) and Baggsetation, anArrhenatheretum elatiori8r.Bl. Filipendula ul-
et al. (2003a) reported that both® and CQ fluxes under  maria sub-community, is dominated by 12 grass species, 2
elevated CQwere 2-3 times higher than those observed un-legumes and 15 non-leguminous herbs. The soil is classified
der ambient C@. This increase was attributed to increased as a Fluvic Gleysol and has a sandy clay loam texture over a
belowground C allocation in elevated @@roviding energy  clay layer, with a mean C and N content of 4.5 % and 0.45 %,
for denitifiers or that there is increased €onsumption un-  respectively and a pH of 6.2 (fler et al., 2009, note the or-
der elevated C&@ However, Mosier et al. (2002) conducted ganic C content was not significantly different between the
an open-top-chamber G@nrichment study in the Colorado two CO, treatments, see Lenhart (2008). In May 1998, the
shortgrass steppe and reported that even though bpdn€  long-term Giessen FACE system was establishéddd et
C4 plant biomass increased and soil moisture content wasl., 2003).
typically higher under elevated GOnone of the trace gas
fluxes were significantly altered by G@nrichment overthe 2.2 Soil sampling and experimental set-up
43 months period of observation. Similarly;® fluxes were
not affected by elevated GOn a paddy, arable and grass- Soil for the experiments reported here was sampled from the
land fields (Cheng et al., 2006; Smith et al., 2010; Dijkstra ettop 12 cm of the old grassland soil. The soil was taken from
al., 2010). However, Kettunen et al. (2006) showed that elethe ambient and elevated FACE rings where also soil had
vated CQ increased both pD flux from soil and soil water been sampled for th®N tracing study described by ier
content. et al. (2009) (see this publication for more details). Fresh
A significant increase of pD emissions under elevated soil was sieved (5 mm) and sub-samples were taken for de-
atmospheric C® has been observed in the Giessen FACEtermining initial gravimetric moisture content at 105 for
study (Kammann et al., 2008). The more than 9-yr data seR4 h. The soil was stored for a week &t@ before the start
allowed for the first time the investigation of different time of the incubation experiment. A set of twelve jars (V\@()k
periods throughout the year. UnexpectedlyONstimula-  was arranged according to the treatments: (i) two soils i.e.
tion by elevated C@in this N limited grassland ecosystem elevated CQ soil and ambient soil; (ii) two N sources i.e.
occurred throughout the vegetation period when mineral N'>NH4NOs or NH}15N03 (60 atom %) with three repetitions
supply was limited, while in the period following N applica- per treatment. Soil portions of 200 g (fresh wt. equivalent)
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were weighed out and filled into each jar. The soil was ad-2.4 Denitrification enzyme activity (DEA)

justed to a water content of 0.40 g€l g1 dry soil with dis-

tilled water and incubated for a week at %D prior to fer- A set of twelve flasks (Brand) per sampling date (total of
tilizer application. Both the soils (either from plots under 8 sets) was arranged according to the treatments: (i) two
elevated or ambient G were labelled with!N at a rate  Soils i.e. elevated C©soil and ambient soil; (ii) two &H»

of 100 pugN g?® fresh soil in 10.5ml per jar using a seven- levels (—CoHp; +CyHp) with three repetitions per treat-
needle applicator to assure an even distribution of the apment. Acetylene was used to inhibit the reduction @ON
plied N in soil. The resulting water content was on averageto Nz during denitrification and thus allowing estimation
0.45g HO g 1 dry soil. The jars were covered with parafilm Of total denitrification by measurement of the accumulated
that was perforated with a needle to ensure natural gas edN20 (Abbasi and Adams, 2000a). Prior to DEA analysis,
change and incubated at 20. Samples were weighed atreg- twenty grams of soil at a moisture content of 0.414H+y™*

ular intervals during the incubation; water loss under presenflry soil was pre-incubated at 2C for 7 days after adding

experimental set-up was almost negligibted(2 ml). 100 pgN g fresh soil (as NHNOs) following experiment
1. DEA analysis was carried out in 250 ml flasks (Brand)
2.3 Gas samplings and measurements with a septum fitted in the lid for gas sampling, using

an anaerobic slurry technique as described billéd et
In total, 13 gas samplings were carried out at day 0 (shortlya|. (2002). At the start of the assay 50 ml of a nitrate-glucose
after N application) and 1, 2, 4, 9, 14, 18, 24, 29, 35, 39,solution were applied to each flask resulting in concentra-
48 and 57 days after N application. Four samplings weretions of 50 pg NG -N g1 (as KNQs) and 300 ug C gt soil
carried out (3, 4, 5, 7 days) before fertilizer application (con- (as glucose). The bottles were immediately closed, evacuated
trol). At each sampling time the jars were closed for 0.5 t0 and the headspace flushed (to atmosphere pressure) with pure
2h with a glass lid. Gas samples were taken through a sepN, with a double needle. Each evacuation and/or flushing
tum in the lid with 60 ml disposable syringes at time zero |asted for 2 min and the internal atmosphere did not contain
and at the end of the incubation period. A 12ml sub Sam-detectable oxygen, as confirmed by gas Chromatography_ In
ple at the end of the incubation samples were transferred tg,H, treated flasks, 10 % of headspace gas was removed and
evacuated exetainer (Labco, England)feN analysis. Gas replace by adding 10 ml of £, with a syringe and inter-
samples were analyzed on a gas chromatograph equippash| pressure was equilibrated to atmospheric pressure. The
with ECD (N0, CQ,) and FID (Q, CHy) detector by stan-  samples were placed at 20 on a rotary shaker at 120 rmp
dard gas chromatographic method (Mosier and Mack, 1980)or a total of 40min. The headspace atmosphere was re-
The gas chromatograph (Shimadzu 14a) was equipped with thoved (first sample) with 60 ml gas-tight syringes at 20 min.
®3Ni-electron capture detector ECD fop® and CQ (oven,  The extracted gas after the first sample was replaced by the
valve and detector temperatures were operated at 65, 100 aréme amount of )N Following continuous shaking, a second
280°C) and flame ionization detector (FID) for@nd CH;  sample was taken after 40 min. Gas samples were analyzed
estimation. Thé®®N excess in MO was determined in sep- for O,, CH4, COy, and NO on a gas chromatograph (GC)
arate samples by isotope-ratio mass-spectrometry (Stevenrguipped with an FID and ECD detector (Mosier and Mack,
et al., 1993) The determination of the relative contribu- 1980) DEA was calculated as the difference igNcon-
tion of denitrification to the overall pD flux was calculated centration increase during a 20 min incubation (40—20 min),
based on the Method by Stevens et al. (1997). Briefly, theaccounting for bottles, soil, media and water volume. The
procedure assumes thap® is produced either by nitrifi-  concentrations of the sampling were adjusted for dissolved
cation (NH; oxidation) and/or denitrification (NDreduc-  gas in soil solution using the Bunsen coefficient (Moraghan
tion) using the following equatiord = (a,, —a,)/(aq — ay) and Buresh, 1977).
with d, the fraction derived from the denitrification pool;
(1—d) =fraction derived from nitrificationgs, 1°N fraction =~ 2.5 Statistical analysis
of the NG; pool; a,, °N fraction of the NH pool, a,,, °N
fraction of the NO (mixture). Statistical analysis was carried out with Sigmaplot in combi-

If the calculation results in a negative value then ¥ nation with Sigmastat (version 3.1, SPSS, Inc.). During the
abundance of the 0 must have been lower than theN analysis test for normality and equal variance are carried out
abundance from either the NQor the N"H pool. Thus pro-  before running the ANOVA and tests to determine significant
viding an indication that BO was produced by a third pro- differences via the Holm-Sidak test.
cess that is not associated with the turnover ofle\bkhd/or
NOj (see also, Rtting et al., 2010).
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Fig. 1. Daily fluxes of CH; (ug CHy-C g~ h=1) and CQ (ug CO-g~1 h—1) (Avg. & SD) from temperate grassland soil exposed to elevated
CO, and soil without elevated Ctreatment i.e. ambient incubated under controlled laboratory conditions following the application of
NHNO3 and15NH4NO.

3 Results rates in the ambient control werel.19 to —3.07 ng CH-
Cg1h~1 while under elevated Cthe rates were-1.79
3.1 Effect of elevated atmospheric CQ on CO, to —4.18ngCH-Cg1h1. After day 24, the oxidation
emissions potential of soil decreased consistently to background level

till the end of the incubation. On average over the in-
Soil carbon dioxide fluxes before N application were 1.00-¢ypation time, Ch oxidation rates before N application
1.47 g CQ-C g~! under ambient and 1.13-1.42 under ele- \yere —0.40 ngCH-Cg1h~! and became-1.46 ng CH-
vated CQ (Fig. 1). During 7 days samplings (average), the ¢ g1 -1 after N application indicating a substantial in-
fluxes were 1.22 and 1.27 ug @@ g~ in ambient and el-  ¢rease in Ch oxidation with N fertilization. Average rates
evated CQ soils, respectively showing a non-significant re- gyer sampling dates revealed that Qokidation in elevated
sponse of elevated GO Application of N fertilizer did not ¢, soil was—1.75ng CH-C g~ h~ while the CH oxi-
alter the CQ fluxes in both the soils: The maximum fluxes gation in the ambient soil was1.17 ng CH-C g~ h~t indi-
occurred during the first 14 days and thereafter,@lOxes  cating a 49 % higher ClHoxidation under elevated compared
continuously decreased with incubation time. Over 57 dayS'ts ambient CG.
sampling, CQ fluxes were on average 0.77 ug 80g!
and 0.93pgC@Cg! in ambient and elevated GGsoll,
respectively indicating approximately 20 % higher soil £O
emissions under elevated g@han soil from ambient C®
but the differences were not significapt £ 0.05).

3.3 Effect of elevated atmospheric C@ on N,O
emissions

In the week before fertilizer N application J® emis-
3.2 Effect of elevated atmospheric C@on CH, fluxes sions were 0.019ngi0-Ng~*h=! in the ambient and
0.023ngNO-Ng1h1 in the elevated C®soils (Fig. 2).
Net CH,; oxidation was observed in all samplings before andN2O fluxes did not show any consistent pattern with time.
after N application (Fig. 1). The CHboxidation rates before Likewise, NbO fluxes did not differ between elevated €0
N application were-0.29 to—0.34ng CH-Cg *h~1inam- and ambient treatments and both showed similar fluxes. Af-
bient and—0.46 to—0.76 ng CH-C g~ h~1in elevated CQ@ ter N application the flux rates increased substantially and
soil indicating about a 22 % higher oxidation rate in soil reached 0.280 and 0.240 ng®N g 1h~1 at day 0. Over
that had been under elevated £Q\fter N application, the  the 57 days, MO fluxes averaged 0.090ng®&-Ng1h-!
rate of CH, oxidation increased from0.21 to—3.1ng CH- in ambient and 0.083 ngdD-N g1 h~ in elevated CQ@ (not
Cg 1h~1inambient and-0.45to—4.26 ngCH-Cg1h~1 significantly different) resulted in a 3- to 4-fold increase after
in elevated CQ@. Maximum oxidation rates were observed N application. The highest fluxes of 0.281 and 0.240 p®N
1 day after fertilizer application and increased steadily till Ng=th~1 were measured from ambient and elevated, CO
18-24 days of incubation. During this period the oxidation treatments, respectively just after N application (day 0). The
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increase in emissions was short-lived (3—4 days) with fluxes .
returning to “background” levels 30 days after N application. 0 10 20 30 40 50 60

Days after N application

3.4 15N enrichment of the NbO
Fig. 3. Nitrous oxide (NO) enrichments (Avg: SD) in a temper-
The 1N enrichment of the BO in the soil increased one  ate grassland soil exposed to elevatedb@ad soil without elevated
day after N fertilizer application together with the increase cO, treatment i.e. ambient following N fertilizer application where
in N2O concentrations (Fig. 3). Ten days after fertilizer N the nitrate pool (N4>NOz) and the ammonium pootfNH;NOs)
application, the enrichment of the;® was close to the en-  were labelled with->N at 60 atom % excess.
richment in the applied N, indicating that the observeddN
originated from the applied fertilizer. Comparing tH&\ en-
richments in the BO from the ambient and elevated €O (anaerobic), total denitrification @D + N2) and No/N2O ra-
soils, no significant difference was observed between theios was carried-out from both GQreatments (Fig. 4). Be-
two soils labeled either with NHNOg or 15NH4NOs. The  fore N application, one measurement was taken and DEA
15N enrichment of the MO in the treatments where NO  rates were 0.137 in ambient and 0.172 p@\N g *h~t in
was labelled, were relatively higher than the treatment whereelevated CQ soil while total denitrification (MO + N) was
NH; was labeled. The contribution of denitrification for 0.456 in ambient and 0.514 pg®-N g 1h1in elevated
N2O production estimated by the 2-pool model of StevensCO, soil. The N/NO ratios were 3.33 for ambient and 2.99
et al. (1997) indicated on day 1 aftetN application a con-  for elevated CQ treatment. After N application, DEA rates
tribution of 16 and 32 % under ambient and elevated, CO (both NbO and NO +Np) increased in the first two sam-
respectively. Negative values after 15 days showed that apaplings (day 0 and 1) but thereafter the rates continuously de-
from N,O contribution related to Nfi and NG; turnover a  clined over time. DEA rates (3O fluxes) in the elevated GO
third process must have been in operation which was resporireatment were on average (20 days incubation) 16 % higher
sible for a dilution of thé>N N,O abundance below tHéN  (0.149 vs. 0.128 pgp0-N g~ h~1) than NO fluxes in the
abundance of Nﬁ1 and NG;. ambient CQ treatment. But the values of both treatments
across different sampling days were not-significantly differ-
3.5 Denitrification enzyme activity, total denitrification ent. Total denitrification rates @D + Ny) indicated signifi-
and ratio of N»-to-N»O cantly higher fluxes (36 %) in elevated g@eatment than in
ambient CQ (P <0.05). Similarly, the N production was
The measurement of denitrification enzyme activity (DEA) consistently higher under elevated £teatment and on av-
by measuring MO emissions during short incubation periods erage 54 % higher than theroduction in the ambient GO
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4.1 CO;, production and methane oxidation
e 0] Over the 57-day period of observation, £@ux between
S the ambient and elevated GQ@reatments was not signifi-
Z, 124 cant suggesting that GOlux was not affected by elevated
P4 . . . .
atmospheric C@ This was unexpected because in the field
08 4 25% higher CQ fluxes were observed under @@nrich-
ment possibly caused by the enhanced biomass and root
04 . . . . . biomass production and general higher activity under ele-
0 5 10 15 20 vated CQ (Kammann et al., 2008). In this laboratory study
Days after N application soil from both ambient and elevated g®eatments was in-

cubated under similar conditions thus, any discrepancy be-
Fig. 4. Emission of NO, total denitrification (MO +Np) tween laboratory and field studies can be associated with
(MgNg th™1) and No/N2O ratio (Avg.+SD) from temperate  plant effects which was also confirmed B studies in the
grassland soil gxposed_to e_Ievated £and soil without elevated  pacg rings (Lenhart, 2008). Higher GQluxes under ele-
CO, treatment i.e. ambient incubated under controlled Iaboratoryvated CQ were also be observed in a number of other stud-
ies (Hungate et al., 1997; Arnone and Bohlen, 1998; Ambus
and Robertson, 1999; Reich et al., 2001; Smith et al., 2010).
However, there are also reports showing that ecosystem res-
piration (CQ flux) was not affected by elevated GQneson
et al., 1998; Mosier et al., 2003). Hu et al. (2001) suggested
that in the long term, soil microbial decomposition is slowed
under elevated Cg&because of N limitation and CGQproduc-
tion is either not affected or limited. In our study it was not
the N limiting factor affecting C@ production in elevated

emissions decreased sharply with time. Elevated €nu- COs soils but some other unknown control factors which af-

. . fected soil respiration.
lated both the roduction and reduction toN¢ompared
to ambient CQMO P Aomp Throughout the course of the experiment, the,;@iHida-

tion potential was significantly greater in the elevated,CO
(49 %) than the ambient CO These results were in con-
trast to the earlier studies where gEonsumption i.e. oxi-
dation was lowered by an average of 17 ug&&m—2h-1
under elevated CO(Ineson et al., 1998), more oxidation

conditions following the application of NjNO3 andNH,NO3.

treatment (Fig. 5). The NN>O ratio was 1.02 in the ambi-
ent and 1.36 in the elevated @@eatment showing a 33 %
higher ratio under elevated GO Contribution ofd (NO3
reduction) to total NO production at ambient and elevated
COy is shown in Fig. 5. Results indicated that shortly after
N application MO production and reduction tod\substan-
tially increased both in ambient and elevated Cfd the
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in ambient than elevated GG&oil (Mosier et al., 2003), or evated compared to ambient €@.e. ambient C@: 8 % and
no effect of elevated CHon CH, oxidation was observed under elevated C® 25 %) (Fig. 5). This method is based on
(Mosier et al., 2002; Smith et al., 2010). Most of these stud-the assumption that only nitrification and dentirification con-
ies were conducted under field conditions where two pos-ribute to the observed 20 production. However, as shown
sibilities may tend to increase GHbroduction and decrease by Ritting et al. (2010) via &°N tracing study in the New
CH, oxidation (i) increased soil moisture under elevateCO Zealand grassland FACE not only nitrification and denitrifi-
constrain and slow down the diffusive Gland @) trans-  cation but also heterotrophic processes, metabolizing organic
port from the atmosphere to the water-film covered microbialN, may contribute to MO production. This is also the reason
population and therefore inhibit GHoxidation (Dorr et al.,  for negative values found in this study from day 15-20 on-
1993), (ii) increased inhibition of CHoxidation under el-  wards (Fig. 5), which occur in situation when the@I*°N
evated CQ or increased Chl production due to greater C abundance is below th®N abundance of Nﬁ1 and NG;,
availability in the soil under elevated GQvan Kessel et al., thus indicating that a third source at natural or low abun-
2000). In our study similar atmospheric conditions to both dance contributed to theJ® emissions. Rtting et al. (2010)
ambient and elevated GQoils in the laboratory were main- showed that denitrification increased from 4.7 % to 8 % un-
tained so that conditions for gas diffusion in the two soils der elevated CQ a similar trend was observed in our study.
were similar. Thus, the results from the study showed that The N,O emissions observed before and after N applica-
the mechanism responsible for inhibiting gbikidation un-  tion showed that elevated G@id not show any significant
der elevated C®as observed under field conditions, were effect on NO fluxes, rates of fluxes (average) were almost
not operative under laboratory conditions. similar. The pre-existing organic fractions and resulting dif-
Average net Clj oxidation rates after N application were ferences in microbial activity and dynamics under elevated
3-fold compared to fluxes before N application. These re-CO; treatment (Kammann et al., 2008) could have had an
sults are in contrast to earlier findings that the application ofeffect on NO production but did not contribute to higher
NH; reduced CH oxidation rates almost immediately (for- N2O fluxes under elevated GOThis finding is in line with
est soils, Steudler et al., 1989; short-grass steppe, Mosier dtutting et al. (2010) who found no statistical evidence that
al., 1991; laboratory incubations,itsch, 1998; Tlustos et elevated CQ stimulated NO production in grassland soil
al., 1998; Ullah et al., 2008). The reduced £békidation  exposed to elevated GCor 10yr. Similarly, Barnard et
in the field was attributed to suppression in the populational. (2005) concluded from a review of 20 experiments that
growth and lower abundance of methane oxidizers and to affield N>O fluxes were not altered by elevated £0How-
inhibition of de-novo enzyme synthesis (Kolb et al., 2005). ever, in several studies it has been shown th&d Rux rates
The higher oxidation rates by N addition in the present studywere increased by elevated gQneson et al. (1998) found
are difficult to explain but they show that either the activity of 27 % higher NO emissions in grassland exposed to elevated
methanotrophic bacteria was enhanced under elevated CGCO,. Similarly, in perennial grassland,® fluxes under
possibly increased methanogenesis under conditions wheelevated CQ@ were double than those observed under am-
mineral N was available (Kammann et al., 2001). There-bient CQ (Arnone and Bohlen, 1998). In contrast, there
fore, the kinetics of Chl oxidation/production is complex are also reports that elevated £6€ither did not alter MO
and their dependence on soil N status or moisture are crufluxes, or even reduced® emissions (Hungate et al., 1997;

cial for an accurate prediction of net Gldxidation. Mosier et al., 2002, 2003; Welzmiller et al., 2008). Baggs
and Blum (2004) reported that the response eONemis-
4.2 Np,O emissions sions to elevated C£in grass swards depend on the rate of

N application. The response was non-significant at low rates
The present investigation indicated a substantial increase iwhile NoO emissions significantly increased under elevated
N2O emissions after N application in both g@eatments. CO, when high rates of N fertilizer were applied. Observa-
Furthermore, results indicated thap® emissions in both tions in the Giessen FACE study were unexpected because
the treatments (ambient and elevated) appeared to be limiteenhanced MO emissions in the elevated G@eatment (vs.
by available N as fluxes in N fertilized soils increased 3-to ambient) were only observed during times of low N avail-
4-fold. Application of fertilizer N had a direct effect omp® ability (Kammann et al., 2008). After N fertilizer application
production by supplying N for both nitrification and deni- N2O emissions were not different between ambient and ele-
trification (e.g. Mosier, 1994; Clayton et al., 1997; Abbasi vated CQ. As highlighted by Kammann et al. (2008) it is
and Adams, 2000b) which may occur simultaneously (Ab-important to take the temporal dynamics of®lemissions
basi and Adams, 2000a, b). Calculations of the contributioninto account, which may identify time periods when
of denitrification on the total DO was carried out accord- emissions are significantly higher and those which are not.
ing to the method of Stevens et al. (1997). Results indicated’hus our results from the laboratory study and from other
that in the first 8 days of the experiment (when calculatedstudies are only representative for certain time periods and
contributions were still positive) the average contribution of are not representative of general response patterns.
denitrification to NO production was 17 % higher under el-
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N>O production and its concentration in atmosphere areitrification studies and showed that despite a non significant
linked to the soil N turnover (mineralization, nitrification, response to PO total denitrification may be altered. This
denitrification) (Miller et al., 2009; Rtting et al., 2010). The might be due to a shift of the denitrifier community under el-
net and gross nitrification rates decreased while DEA (whichevated CQ which exhibit different of the different reductase
is carried out under non-N limiting conditions) did not show dynamics during denitrification (Regan et al., 2011).
any significant increase under elevated Q&ammann et
al., 2008). Thus the potential for neb® production is not _
affected by elevated GO Together with the increase in the © Conclusions
contribution of denitrification to the overalld® flux this re-
sult indicates that the O reductase activity must have been
higher under elevated GO Thus to confirm this, the N
to-N»O ratio was determined under optimum conditions for
denitrification.

Most of the studies conducted so far have suggested higher
N2O emissions under elevated g@hile very few reported
no response. We observed no statistically significanp CO
enrichment effect on fluxes of GGand NO in the labora-
tory study which was carried out under non-N limiting con-
ditions. However, the relative rate of,® from denitrifica-
tion and the N-to-N,O ratio changed under elevated £0
Stimulation of denitrification and MNto-N,O ratios was also ~ 1hus, elevated Cfappears to have an impact on the deni-
observed from the soil incubation studies. However, ap‘,mtrlﬂcanon kinetics in this grassland soil which was also con-
from CO; the magnitude of emissions varies depending onfirmed by molecular §tuQies of this soil (Regan et al., _2011)
type and timing of inorganic fertilizer application, soil tem- The enhanced CHoxidation un.der eIevate_d Q@s surpris-
perature, moisture content, soil type which will vary through- N @nd shows that the potential for Gldxidation may in-
out the year (Baggs et al., 2003a; Kammann et al., 2008). Crease in this soil. However, this effect was not observed
Denitrification enzyme activity (DEA) was on average " the field suggesting that the combination of N applica-
16 % higher in the elevated GQhan in the ambient treat- tion in combination with the environmental regulators (e.g.

ment but the difference between the two £@eatments moisture, temperature) which were held constant in the cur-
was not significantly different, suggesting that elevateg CO €Nt Study have an impact under field conditions. The under-
had only a limited effect on the quantity of active denitrify- Standing of the stimulation of the microbial populations and
ing enzymes present in the soil. These results were in linéCtVity of methanogenics and methanotrophic bacteria in re-
with findings of Barnard et al. (2004) who also reported very SPONS€ to changing supstrgte e_md ablotlg factors are essential
little response of DEA to C®treatment in German grass- © predict the net deomdatu.)n.m terrestrial ecosystem un-
land soils. However, the total denitrification {81+Ny) ~ Jder elevated C@ A mechanistic understanding of changes
and the ratio of M-to-N,O were significantly higher (36% " the N cycle and associated GHG production under ele-
and 33%) under elevated GQ@ompared to the ambient vated atmospheric COconcentrations is essential to predict
treatment. In general the ratio under elevated, Gaver- GHG dynamics u_nder cllmatg change. Therefore, while thls
age 1.358) was similar to the ranges reported by Rolston eptudy does not directly contribute to a better understanding
al. (1976) (0.1-40) but were lower than the ratios (345 andof atmospheric processes, it still can elucidate some of main
410) reported by Baggs et al. (2003b).Thus, under elevate@/Vers governing the exchange of GHGs between soil and
CO, and under non-N limiting conditions most likely a stim- (€ atmosphere which will aid the development of models
ulation of the NO reductase occurred while under N limit- that are aiming to simulate GHG dynamics.
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