Japan Geoscience Union Meeting 2011 ‘®
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U"m )
MIS023-P01 Og0:0000000000 O00:50 220 16:15-18:45

oo0o0pooooooog ,
The role of prokaryotes in the oceanic caarbon cycle

oo oo
Taichi Yokokawa*

lDooooooOoOooooooooo
LCMES, Ehime University

gooooooooOoooooooOo0ooooobooO0ooooDooOoO 970D OooDO0ooooDoooOad
coooooooooooooOooooooooooooo0ooooo0oUoooOOO0d IMLOOoOooboooOoooo
go0oloo00D0O0O0O00DOOOOO0O0DOOOOO18 0D OOoooooOOoOooooOooOoooboOooOoooD
boboobOobooobooboobooooobooooboobooboobooboooooboobooooaon

oo00000000000oooOoO0O0O000000oO0o0ooooOoOODOO00O0OOoODoOoOOOsS00O0000
oooooooooobooooooooobooobboooooooboobo0oboDoobbooooDoobboobooboOoog
oobooboooooooobooboobooboooboooooooooooboooobooobobomooboOooog
oboooOobooooooboobobooobooboboommooooooobooboooooooboobooooooOon
Oo00o0ooO0000ooOo000DbOo0o0ooDoO0oooDbo0oooDOoOO0ooooOoooobo>»200nO0OO00O0OOO0OO
uboooooooboboboooooooobooboboboooboooobOobooboooboOoboOobOoboooooboonn
ooooooobooboboooooooboooobooooboboobooooboboboboobogoDOoDbUoDb 1000
goooooobooobooooogooboboboooooooooooooobooboboboobooobobooDboDO
obooooOobooooobooboooooboooon

boooooobobobooooooobOoboboooboooooobOobobooboooooooboOoboOoooon
gbobooooooboboooobooboboboooooobobobooboboooooobOoboboooboooboOon
bobooboooobooboooobooooboobooooboobooboOobooooDo

goooooooboboobooooobobobooooboooobobooooboooDobobobboobooboo
oboooooooboboboooooooobooboboooooobobobooboooooobobobooooon
obooobOoobooooobooooooooon

gogobo:obog,bbboood
Keywords: prokaryotic community, oceanic carbon cycle



Japan Geoscience Union Meeting 2011
(May 22-27 2011 at Makubhari, Chiba, Japan)

©2011. Japan Geoscience Union. All Rights Reserved. " p'a i
Geoscience
].‘.J‘?.i?“.
MIS023-P02 o0: 0000000000 00:50 220 16:15-18:45

Jogobbbbogoooobbbuooobbboooooobbouoooda

0000000oooogoooogo _ _
Linkage of sulfur and nitrogen cycling in a sulfur high-content ecosystem-Nitrate reduc-

tion coupled to sulfur oxidation-
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[Introduction] While most studies have focused on organic carbon as the electron donor for denitrification, reduced sulfur car
also provide energy to support denitrification. Pyrite (FeS2), which is composed of a reduced sulfur of sulfide mineral, is easily
oxidized to SO42- and can be coupled to reduce NO3- when NO3- contacts with pyrite in anoxic condition. Recent study indi-
cated NO3—driven SO42- production could be widespread and biogeochemically important in fresh water sediments (Burgin an
Hamilton, 2008). Therefore, NO3- reduction coupled to SO42- production might be superior in Akita prefecture which has the
stratum that called 'Kuroko’ which contains a lot of sulfide minerals. [Aim] In this study, we focused on the linkage of sulfur and
nitrogen cycling through denitrification. The purpose of this study was to evaluate NO3- reduction and N20O emission coupled
to sulfur oxidation by a long-term incubation of soil from a sulfur high- content ecosystem in Akita prefecture, Japan. [Mate-
rials and Methods] Study site is the nature tail of Goshogake (N39.970, E140.801) at Akita prefecture in Towada-Hachimanta
National Park, Japan. The sediments used in the incubation experiment were sampled from mudpot (A) and riverside (B) fron
the 10-20 cm depth. Fresh sediments corresponding to approximately 20 g dry weight and 400 ml each treatment water wel
added to 550 ml glass bottles and closed with butyl rubber septa and aluminum crimp. Four treatment water were prepared i
this study; 1. Deionized water, CT; 2. KNO3 (100 mg N L-1), N; 3. KNO3+Glucose, N+Glu; 4. KNO3+CaCO3, N+CaCO3.
Bottles were incubated at 25 deg C for 220 days. To achieve anoxic condition in bottles, the solution and headspace of the bottle
were sparged with N2 gas for 30 min. Immediately after water sampling, pH and EC were measured by a portable pH and EC
meter. Concentration of NO2-, NO3-, SO42- were measured by an ion chromatograph. Concentration of NH4+ was determine
by colorimetry using the indophenol blue method. Nitrous oxide concentration in the headspace of the bottles was measured &
a gas chromatograph with ECD. Easily oxidizable-S content in the sediments was measured by the difference between H202-
and H20-S (Murano et al., 2000). [Result and Discussion] In the N treatments, NO3- concentration decreased by 57-100% afte
208 days from the incubation started. In the N+CaCO3 treatment of the B sediment, NO3- concentration decreased to 0 mg |
L-1 after 208 days. Concentration of SO42- increased in all the treatments, and the maximum concentration was observed in tf
N+CaCOa3 treatment of the B sediment. Both NO3- consumption and SO42- production rate tended to be larger in the B sedimer
than that in the A sediment. Nitrate consumption rate significantly correlated with SO42- production rate during the incubation
period (r=0.990, g0.01, n=8), which indicated NO3- reduction coupled to sulfur oxidation. Easily oxidizable-S content in the
B sediment was higher than that in the A sediment, which would caused the difference of the NO3- removal rates among th
sediments. In this session, we would like to discuss a stoichiometry of this biogeochemical reaction based on the present resul
Ammonium were detected in all the N treatments but were considerably low. Therefore, NO3- reduction by dissimilatory nitrate
reduction to ammonium (DNRA) woulld be negligible. Nitrous oxide production was observed in all the N treatments, however,
the significant difference among the treatments or the sediments was not observed. In the B sediment, the SEM photograpl
showed a framboidal form which represent pyrite. X-ray analysis also showed clear peaks corresponding to pyrite and marcasi
both of which the chemical composition were FeS2. Therefore, NO3- reduction was coupled to pyrite and marcasite oxidation tc
S042-. This study indicated the linkage of sulfur and nitrogen cycling through denitrification in a sulfur high-content ecosystem.
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Nitrogen (N) availability in forest is a strong driver controlling net primary production of plant. Soil microbes regulate the
N availability since they are responsible for the production of available N (inorganic and some organic N) for plants and soil
microbes. Thus, balance of N and carbon (C) availability to soil microbes is quite important for the understanding of N cycle in
terrestrial ecosystems and soil C/N ratio has been used as a parameter for that. However, C/N ratio of bacteria and fungi diffel
greatly and relative importance of them to the total soil microbes can differ among different soils, simple C/N ratio cannot deter-
mine the actual balance of C and N availability.

Recently, natural abundance'dN (d'°N) of the soil microbe has been proposed as a new parameter that can provide the in-
formation on relative C and N availability to the soil microbes (Dijkstra et al. 2006, 2008). EnrichmeAN{Bd® Ny, 5_s0i1)
of the soil microbes from the substrate (bulk soil N or extractable soil N) should be high when N availability is high because
the soil microbes would extrete the excess N with IowNIdue to the isotopic discrimination during the N metabolism. Even
this new parameter r of DAN ;5 _s.::iS €xpected to provide new insights into the actual C and N availability of the soil to the
soil microbes, the measurement of PN, 5_ s, is tedious due to the low concentration of soil microbial N. We explored the
potential of DA®N;;5_ 5. in a temperate forest in Japan with denitrifier method that can allow us to meaghrevith small
sample size (20-50nmol-N).

We collected the soil samples (Ao, 0-10 and 10-20cm depth) from Kamigamo Experimental Forest, Kyoto Univ, Japan from
two plots located in upper part and lower part of a mountain slope. We meastidhe extractable N (Nitt, NO;~, TDN
and DON) in 0.5M K SO, soil extract. We also used the fumigation-extraction method to measure C and N content, and the
d'®N of soil microbial biomass. DOC concentration in the 0.5M3Q, soil extract and tPN of bulk soil N were also measured
for the reference.

d*>N of soil microbial biomass was significantly correlated with that of bulk?™:0.001) but always higher than that of bulk
N. Actually, d”®N of soil microbial biomass was quite similar witHN of DON, suggesting that the soil microbial biomass
N is the source of soil DON as previously suggested (Koba et al. 2010)NQgs _s.:; significantly correlated with soil C/N
(P<0.01), which suggested that BN,z s,:; should reflect the C and N balance for soil microbes. However, the intercept of
the regression lines obtained from two sites differed greatly. This difference in the relationship betweNR,Rd 5,;; and soil
C/N strongly suggested that the same soil C/N does not indicate the same balance of C and N availability to the soil microbes
We discuss the usefulness of the new parameter d?g 5_s.;; in the presentation together with other parameters such as
DOC/DON and &N of inorganic N.
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Nitrous oxide (NO) is a potent green house gas of which radiative forcing is about 200 times larger than that ah€O
contributes to ozone depletion in the stratosphere. In seasonally frozen soil, it is known that more than 50% of the,&nual N
emission occurs during spring snowmelt period. In order to investigate 40epkbduction/consumption mechanisms under the
soil thawing events, we performed isotopomer analysis ) [dt an experimental agriculture field plot in northern Japan. It is
suggested that intramolecul&N site preference (SP) ofJD, that is defined as difference in isotope ratios between centtgl (N
and terminal (N ) nitrogen in the NO (NNO) molecule, is a powerful tool to quantitatively analyze the contribution of important
production pathways such as nitrification, fungal denitrification, chemo-denitrification and bacterial denitrification together with
the presence of pO reduction, in addition to the isotope ratio of 81 (:°?N) and O § '30).

The diffusion chamber method using silicone tube, which is recently applied to gas sampling from each soil depth, is useful
method for revealing biological processes in soils. In order to apply this method to isotopomer analysis, diffusion equilibrium
of N,O (concentrationd '°N, & 80, SP) was confirmed by laboratory experiment. As a result, no significant difference in
concentration and isotope ratios between outside and inside of the silicone tube was detected, suggesting the diffusion meth
can be applied to in situ soil gas sampling forlstudies.

We, then, investigated the isotopomer signatures of se® Mollected from the seasonally frozen soil under soil thawing
events. Isotopomer ratios showed no significant variation durig@ production peak in subsoil. Both SP ahid'°N of N,O
were within the range of the reported values for bacterial denitrification, suggesting.iBatridduced during spring snowmelt
period was derived from bacterial denitrification and the contribution.@ keduction was likely to be very low.

00000:000000,0000000,0000,00
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Nitrous oxide plays important roles in atmospheric chemical processes. Nitrous oxide is known as a greenhouse gas, and
one of several gases responsible for global warming. In addition to its contribution to global warming, nitrous oxide plays the
most important role in ozone depletion in the stratosphere.

Agricultural soils is major source of atmospheric nitrous oxide. Because N fertilizer stimulates these N oxide gases emissior
derived from both nitrification and denitrification processes in soils. However, the strength of its still have a large uncertainty.
The rates at which nitrous oxide emission is induced by fertilization widely ranged 0.003 ? 0.03 (IPCC, 2007). Its variation
was considered to depend on fertilizer types, plant species, soil types and the environmental factors during measurement peric
However, there are fewer reports on nitrous oxide emission from organic fertilizer application than from chemical fertilizer appli-
cation. To investigate the effect of organic fertilizer application on nitrous oxide flux, a wider variety of organic materials needs
to be assessed.

In this study, to quantify the various organic materials and various nitrogen fertilization effect on nitrous oxide flux, we
develop a hierarchical Bayesian model. We modelled N oxide gases flux assumed as lognormal distribution and incorporate
random effect in block (chamber position) to take the variability of flux into account. By using this model, we quantify the re-
sponse of nitrous oxide flux with various organic materials application from lysimeter field to the environmental factors. Also,
this approach enables to quantify uncertainty, which is represented as probability density functions.

In the presentation, we will discuss about the difference in response of nitrous oxide flux among application of organic mate-
rials .

gooobD:0bb00000obobo,000ooooo
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The concentration of N© in stream water has been elevated in forested watersheds due to chronic atmospheric nitrogen
(N) deposition over the last few decades. N saturation in forested ecosystems, defined as an excess of N deposition supply o\
biotic demand, results in significant N leaching from forested watersheds. Recent studies, however, indicated that chronic high |
deposition has had variable effects on stream watey Néncentrations across the northeastern United States. This is because
many factors affect N©~ leaching from forested watershed.

In this study, to test the hypothesis that passing groundwater though different bedrock causes a marked difference in the nitra
(NO3 ™) concentration in baseflow stream water, two nearly adjacent watersheds, site O (serpentinite and chlorite gchist: NO
55 micro mol L) and site S (amphibolite: N 113 micro mol 1), were investigated and the underlying mechanism affect-
ing NOs~ concentration as groundwater passes though bedrock was identified. The conversios ofoNissolved organic
nitrogen (DON) in groundwater as it through bedrock could be the primary reason for the lowegedddficentration at site
O. Plausible mechanisms could be NOreduction to nitrite (N@~) by reduced metals, such as iron, chromium, and nickel
found in serpentinite bedrock and the subsequent reaction ef N@th dissolved organic matter to produce DON. The results
from this initial study showed that certain bedrocks can reducg N€@ncentrations in stream water by converting groundwater
NO;~ to DON.

goooo:gogobo,0bouoo,00o,o00o0o,o0od
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