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Soil acidification often occurs due to various factors such as NOx and SOx from anthropogenic combustion

substances. In the process of rock weathering or nitrification, protons are also released which causes soil

acidification. It is difficult to evaluate each factor independently in industrial countries, since the many

factors are affected one another, which makes it difficult to evaluate each factor. On the other hand, it is

relatively easy to discuss anthropogenic impacts and natural effects independently in the case of atoll,

since atoll sediments are composed of bio-clastic sand such as foraminifera and coral that are made from

calcium carbonate (CaCO3), which exhibits simpler composition compared with other areas with more

heterogeneous geology. Here, we investigated the degrees of acidity in Majuro Atoll, one of the atolls of

Marshall Islands. In Majuro Atoll, human residence has lasted for about 2000 years, which is the longest

history among atolls around the world (Yamaguchi et al., 2005, 2009). However, the traditional life style in

the atoll has changed and more industrial products such as motor vehicles have been used after 20th

century. 

In this study, we focused on factors which have a possibility to change surface environment of reef islands

in atoll in terms of both artificial and natural factors. We evaluated the correlation between the elements

contained in the sediment and sediment pH at different depths. We also examined the mechanism to

acidify the pH of the sediment. 

Samples were taken at different depth of the sediments in both inland area and ocean side of each reef

island which are named as Laura, Calalen, and Jelto. All the surface layers are black-colored and

well-vegetated. The grain size is medium to fine sand. 

We examined concentrations of major elements such as calcium (Ca) and magnesium (Mg) by XRF.

Concentration of inorganic ions (NO3
-, SO4

2-, and NH4
+) were measured by ion chromatography and

absorption spectrophotometry, respectively. Concentration of organic acid was calculated by pH titration.

Mineral composition of foraminifera, which is the main component of the sediment was examined by XRD.

Porosity of foraminifera were calculated using X-ray micro-Computed Tomography (μ-CT) and Image J.

Stable isotope of nitrogen (14N and 15N) and triple oxygen isotopes (16O, 17O, and 18O) in nitrate contained

in the sediment were measured by the denitrifier method (Hattori et al., 2016) to identify the origin of the

nitrate. 13C solid state Nuclear Magnetic Resonance (NMR) spectroscopy were used to identify the organic

matter which was concentrated in the upper layer. 

As a result, sediment pH decreased near the surface layer and the concentration of Mg decreased.

Mg-calcite fraction to total CaCO3 (calcite + magnesian calcite (Mg-calcite)) of foraminifera also

decreased near the surface. In contrast, the porosity of foraminifera, concentrations of NO3
-, NH4

+, TOC,

and organic acid increased in the upper layer, whereas concentration of SO4
2- fluctuated and especially

became higher in the lower layer which is close to the water-table. Therefore, SO4
2- may be originated

from seawater, which did not induce acidification of the sediment. According to NMR analysis, organic

matter enriched in the upper layer was identified as fulvic acid. Both the concentrations of nitrate and

organic acid as fulvic acid had high correlation with sediment pH in the range from pH 7.5 to 8.0.

Therefore, it is considered that both factors contribute to the acidification and dissolution of foraminifera

test in the upper layer. From the analysis of the stable isotopes, the average of Δ17O was close to 0‰ over

all the areas, which suggested that nitrate was produced by bacterial activities. Therefore, we can

conclude that highly concentrated nitrate produced during the excess nitrification and subsequent
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release of proton during the process should be the main factor to acidify the sediments on Majuro Atoll.
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Marine dissolved organic matter (DOM) constitutes one of the largest reduced organic carbon pools on

the earth’s surface. The recalcitrant DOM (RDOM) has been considered to be major fraction of marine

DOM and play an important role as a slow cycling carbon reservoir. However, source and production

mechanism of marine RDOM have not been fully understood. Bacterial production of RDOM has recently

been proposed as a carbon sequestration process. The concept of this process called microbial carbon

pump (MCP) was derived from the previous studies of in vitro culture experiments in particular using

natural microbial community. Since specific species who contribute MCP cannot identify from incubation

experiments with microbial community, it is still unclear whether difference in bacterial species can affect

RDOM production. In this study, to clarify similarity/dissimilarity of production efficiencies and

composition of DOM derived from different bacterial species, we conducted batch culture experiments

using three model marine bacterial strains, namely Alteromonas macleodii (A. macleodii) and Vibrio
splendidus (V. splendidus) affiliated with ubiquitous Gammaproteobacteria, and Phaeobacter
gallaeciensis (P. gallaeciensis) belonging to Alphaproteobacteia. Incubations were conducted in the dark

at 25°C for 1–2 weeks with glucose (1 mmol C L-1) as the sole carbon source in addition to inorganic

nitrogen and phosphate. Bacterial numbers, dissolved organic carbon (DOC) concentrations, and

excitation-emission matrices (EEMs) of DOM were monitored during incubations. Subsamples were taken

from triplicate bottles at 8 points of time. DOC concentrations were drastically decreased during the

exponential growth phases and relatively stable during the stationary phases, irrespective of differences in

bacterial strains. While, bacterially derived DOM from glucose, namely residual DOC concentration in

experiment was considerably high for V. splendidus (205 ±11 μmol C L-1) compared with other two

strains (51 ±4 μmol C L-1 for A. macleodii, 75 ±3 μmol C L-1 for P. gallaeciensis), suggesting that

efficiencies of RDOM production were possibly different among bacterial species. EEMs during/after

incubations showed the bacterial production of fluorescent DOM. Interestingly, fluorescent peak positions

and number of peaks, including refractory humic-like fluorophores, were different among three strains.

For example, two strains belonging to Gammaproteobacteria produced humic-like fluorophore emitted at

>500 nm wavelength, while these fluorophores were not produced by the strain of Alphaproteobacteria.

These in vitro culture results with different model bacterial strains imply that production efficiency and

composition of RDOM are different among bacterial species or class levels.
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Nitrate (NO3

-) can be an important source of information for understanding the biogeochemical cycles

within the catchment area of the stream. In addition, the nitrate concentration in the stream water is

important to primary production, and an excess of nitrate can lead to eutrophication in downstream

areas, including receiving lakes, estuaries and oceans. However, nitrate concentration in stream water is

determined through a complicated interplay of several processes within the catchment area including the

deposition of atmospheric nitrate (NO3
-
atm), the production of remineralized nitrate (NO3

-
re) through

microbial nitrification, the removal of nitrate through assimilation by plants and microbes, and the

removal of nitrate through denitrification by microbes. Therefore, interpretation of the processes

regulating nitrate concentration in stream water is not always straightforward. 

Recent progresses in the stable isotope analysis enable us to use the stable isotopic compositions of

nitrate (δ 15N, δ18O, Δ17O) as tracers to understanding the origin of nitrate in stream water. Especially,

the excess 17O (Δ 17O) tracer, in which isotopic fractionations during assimilation and denitrification have

been canceled, can be a robust tracer to quantify mixing ratios of NO3
-
atm in stream water nitrate

accurately. That is to say, we can quantify the absolute concentration of NO3
-
atm in the stream water by

using both Δ17O value and nitrate concentration (NO3
-
total) in stream water. 

In this study, we applied the absolute concentration of NO3
-
atm in streams as tracers to quantify nitrogen

cycling rates in streams. If the supplying rate of nitrate through nitrification and the uptake rate of nitrate

through either assimilation or denitrification are balanced, the nitrate concentration in the stream water is

stable. The absolute concentration of NO3
-
atm, however, should decrease because what produced by

nitrification is NO3
-
re. Therefore, we can estimate the nitrogen cycling rate (i.e., supplying rate of nitrate

through nitrification and uptake rate of nitrate through assimilation) by quantifying the changes in the

concentrations of NO3
-
atm and nitrate along with the stream flow. So as to verify this hypothesis, we

quantified both nitrate concentrations and the stable isotopic compositions of nitrate (δ 15N, δ18O, Δ17

O) along with the stream flow at Yasu river, one of the representative inflow in Lake Biwa, to quantify

nitrogen cycling rates of nitrification, denitrification, and assimilation in the stream water. We also

determined the nitrogen cycling rates by using the traditional 15N tracer method to verify the accuracy of

the estimated values.
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Spiraling metrics are important for the better understanding of the biogeochemical processes in rivers,

although it is quite demanding to measure these parameters. We explore the possibility to use the natural

abundance of 15N and d18O of inorganic nitrogen (ammonium, nitrate and occasionally nitrite) as a

proxy of the spiraling metrics. We measured concentrations and isotopes ratios of ammonium, nitrate and

nitrite in a reach of Fuji River to figure out how concentrations and isotope ratios of these inorganic

nitrogen can change according to their spiraling. We continuously collected water samples in the reach of

ca. 6.5 km in the Fuji River by directly tracking a specific parcel of water following the longitudinal

Lagrangian approach in June, October, November and December of 2015. We found significant inverse

correlations between ammonium concentrations and d15N of ammonium in all sampling periods,

implying that ammonium was removed by nitrification and assimilation. The d15N of nitrite measured in

December were lower than both d15N of ammonium and nitrate, suggesting the inverse isotopic

fractionation during nitrite oxidation in the nitrification. Both concentrations and d15N of nitrate

significantly increased with the distance in all sampling periods, indicating the consumption of nitrate in

parallel with nitrification. We will present more data collected from different rivers to explore the

usefulness of isotope ratios as proxies of the spiraling metrics in the presentation.

 
nutrient spiral, inorganic nitrogen, stable isotope

 

MIS19-04 JpGU-AGU Joint Meeting 2017

©2017. Japan Geoscience Union. All Right Reserved. - MIS19-04 -



Keywords:

High concentrations of phosphate in streams of hilly areas, which

stimulate high primary production by benthic algae on pond soils

 
*Komei Sasa1, Ritsuka Takei, Yoh Muneoki2

 
1. The University of Tokyo, 2. Tokyo University of Agriculture and Technology

 
Phosphate is an essential mineral nutrient for all life forms. However, little phosphate is present in river

waters, because it is strongly adsorbed on particulates such as oxides and hydroxides of iron and

aluminum. Wakamatsu et al. (2006) reported low concentrations of phosphate in many headwater

streams in Japan, which was presumed to vary depending on geological features. Here, we report high

concentrations of phosphate in streams of hilly areas, which are created through a topographical feature

of hilly areas. The reduction of Fe under humid soils resulted in the release of phosphate, which could act

as a prime source of phosphate in a watershed. Moreover, we report an occurrence of significant primary

production by benthic algae on sediments of a shallow pond, which may be stimulated by phosphate

released from sediments.
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Climate change caused by the increasing of greenhouse gases (GHGs) in the atmosphere is the major

problem of the 21st century. Methane (CH4) is one of the powerful GHGs. Freshwater ecosystems (i.e.,
lakes and ponds) are recently identified as one of the most important natural sources of atmospheric CH4

, accounting for 18% of total annual CH4 emission to the atmosphere. It has long been believed that CH4

is mainly produced by CH4-producing archaea (i.e., methanogens) in anaerobic lake sediments. However,

our laboratory recently revealed the novel CH4 production by photosynthetic microorganisms (i.e.,

cyanobacteria) in aerobic lake waters. Similar findings also confirmed that the planktonic microbes in the

North Pacific subtropical Gyre have C-P lyase that cleaves the C-P bond of methylphosphonic acid (MPn)

and produce methane aerobically as a byproduct of MPn decomposition. However, the pathways and

organisms responsible for the aerobic methane production in freshwater ecosystems are still unknown. 

The ability of CH4 production by freshwater organisms was examined for ten axenic planktonic microbes

by three batch-culture experiments (Experiment 1, 2 & 3). In Experiment 1, to confirm the ability of

aerobic methane production ability by planktonic microbes, we compared the CH4 production of

P-starved microbes between inorganic phosphorus (Pi) and MPn addition treatments. In Experiment 2, to

identify the enzymatic reaction of aerobic methane production, we measured the CH4 production of

P-starved microbes for various phosphonate addtition treatments (MPn, EPn, 2-AEPn and DMMPn).

Finally, in Experiment 3, inorganic nitrogen (N) and Pi was added with MPn to identify the effects of

nutrient stoichiometry on aerobic methane production by planktonic microbes. In Experiment 1, the

aerobic methane production was observed only in the MPn-add treatment for all microbes, while there

was no CH4 production in control and Pi-add treatments. Therefore, it is confirmed that the most

planktonic microbes are able to decompose MPn to produce CH4 under Pi-starved condition. Experiment

2 also revealed that the test organisms are able to cleave the C-P bond of MPn as a substitute for Pi,

thereby producing CH4 or C2H6 gases. However, the Protein BLAST search revealed that the test

organisms have no C-P lyase (phn) genes, implying that different enzymes may function for the

degradation of phosphonates. Therefore, further biochemical and proteomic analyses are necessary to

identify the metabolic pathway. Finally, the effect of nutrient stoichiometry on CH4 production was

confirmed in Experiment 3. In particular, CH4 production rate was accelerated in the MPn+N-addition

treatment, indicating that N availability controls the MPn decomposition. 

The present study revealed that the planktonic microbes have the ability to produce CH4 aerobically by

cleaving the C-P bond of phosphonates, whereas N availability increases CH4 production. Therefore, the

hitherto unknown CH4 production by planktonic microbes in aerobic freshwater ecosystems represents a

contemporary fact to amend the global CH4 budget.

 
Aerobic methane production, Planktonic microbes, Freshwater ecosystems, Methylphosphonic
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Methane oxidation is a key process controlling methane emission from wetlands into the atmosphere.

Methanotrophs, responsible for aerobic methane oxidation, do not only oxidize but also assimilate

methane. Once assimilated, methane carbon may be utilized by other organisms. Here we present the

evidence of a methane-driven microbial food chain in a rice field soil and its potential impact on

methanotrophs. Stable-isotope probing of nucleic acids using 13C-labelled methane demonstrated that

methane carbon is incorporated not only into methanotrophs but also into non-methanotrophic bacteria,

phagotrophic protists, bacteriovorus nematodes in a rice field soil. Methane carbon could be also

incorporated into the capsid gene of T4 type bacteriophages. These results suggest that methane carbon

is linked to the soil microbial food chain that involves cross feeding, grazing, and viral lysis—once

assimilated. The rice rhizosphere—the active site of methane oxidation—can have a distinct community of

phagotrophic protists involved in a methanotrophic food chain that is influenced by elevated atmospheric

CO2; this implies a variation of prey-predator interaction in the methanotrophic food chain. Protistan

grazing shapes the community structure of methanotrophs most likely by selective grazing. Protistan

grazing also has a potential to affect methane oxidation in the surface of water-saturated rice field soil.

Altogether, a series of our study suggests the potential importance of microbe-microbe interactions in

methane dynamics in a rice field soil.
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Arsenic is released from anaerobic sediments into groundwater as As(III) (arsenite), which threatens the

health of millions of people in southern Asia. It is widely accepted that certain anaerobic bacteria, such as

dissimilatory iron-reducing bacteria and dissimilatory As(V) (arsenate)-reducing bacteria, play important

roles in arsenic release in nature. Although respiratory arsenate reductase genes (arrA) closely related

with Geobacter species have been detected frequently in arsenic-rich sediments, it is still unclear whether

they directly participate in arsenic release, mainly due to lack of pure cultures capable of arsenate

reduction. Previously, we isolated Geobacter sp. OR-1 from Japanese paddy soil. Strain OR-1 also utilized

soluble Fe(III) and ferrihydrite as electron acceptors, and catalyzed dissolution of arsenic from

arsenate-adsorbed ferrihydrite. Furthermore, inoculation of strain OR-1 into sterilized paddy soil

successfully restored arsenic release. In this study, we analyzed draft genome sequence of strain OR-1,

and found two distinct “arsenic islands”, the genomic regions highly enriched with arsenic-metabolizing

genes. One consisted of arrAB, and they are also flanked with genes for arsenic resistance (arsADR and

acr3) Another island consisted mainly of genes for arsenic resistance including that for a detoxifying

arsenate reductase ArsC. Transcriptional analysis revealed that most of these genes were expressed

specifically in the presence of arsenic, and that the expression of arrA was more than 30 times higher in

the presence of arsenic. Comprehensive proteomic analysis by means of 1D SDS-PAGE and LC-MS/MS

showed that not only arsenic-metabolizing proteins but also those involved in oxidative stress response,

protein folding, molecular chaperones, phosphate uptake, and sulfur metabolism were expressed

cooperatively in the presence of arsenic. Our results shed light on how microbes cope with this toxic

metalloid, and play an important role in the biogeochemical cycling of arsenic.
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Thermophilic microbial communities are potent model systems for ecological and evolutionary analysis in

ecosystems. One important physical component related to evolutionary and ecological dynamics in these

systems is the availability of fixed nitrogen, which can only be acquired from the atmosphere (from N2) by

the action of nitrogenase, an enzyme which might have emerged as early as 3.5 billion years ago.

Molecular based studies have suggested a distribution of nitrogen-fixing bacteria and archaea in

hydrothermal vents and geothermal springs, however, the activities and ecological consequences of these

metabolisms are poorly understood. Here, we detected and characterized nitrogen-fixing activity of

chemosynthetic microbial communities developed at 74°C at sulfidic and slightly alkaline hot spring

water. 

 

N2-fixation (nitrogenase activity) was determined using the acetylene reduction assay. Collected microbial

communities were incubated in hot spring water in a sealed vial in situ or at 70°C in the laboratory.

Nitrogenase activities were detected in conditions where moderate amounts of methane were produced,

but not detected under conditions where methane production was at the observed maximum or

minimum. These results suggest that nitrogen fixation occurs within a limited range of redox levels in the

communities. 

 

Addition of molybdate, an inhibitor of anaerobic sulfur metabolisms which have sulfite as an intermediate

(e.g. sulfate reduction, and sulfur disproportionation), inhibited the nitrogenase activity of the

communities. Dispersion of cell aggregates of the communities also decreased the nitrogenase activity,

but the activity was partially recovered by amendment with H2 and CO2. These suggest that the

nitrogenase activity in the communities is coupled with hydrogen-autotrophic and anaerobic sulfur

metabolisms. In addition, cell aggregation may contribute to efficient interactions which support the

currently unknown N2-fixing microbe(s). 

Taken together, our findings provide new insight into the ecological contributions of anoxic sulfur

metabolisms in chemosynthetic thermophilic microbial communities.
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Phosphorus (P) is a major limiting nutrient controlling primary productivity in terrestrial ecosystems

especially on highly-weathered soils. It was recently suggested that P depletion during soil weathering

may also control long-term ecosystem evolution and plant species diversity. However, the connection

between soil P forms and availability, forest productivity, and other ecosystem properties remains

uncertain. The stock and chemical forms of soil P in ecosystem development is a fundamental issue

because it affects plant and microbial strategies for acquiring P. 

 

Here we examined how climate and parent materials control soil P in tropical rainforest ecosystems on Mt.

Kinabalu, northeastern Borneo. We selected the sites developed on two chemically-contrasting rock types

(ultramafic igneous and acidic sedimentary rocks) along an elevation gradients. We will present the results

of soil P concentration (relative to C and N) as well as P forms assessed by liquid-state 31P NMR

spectroscopy using NaOH/EDTA extracts.

 
Phosphorus, 31P liquid-state NMR spectroscopy, Tropical forest ecosystems, Biogeochemical
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Serpentinite is an ultrabasic rock composed of ferromagnesian minerals with extremely high

concentration of Mg and transition metals. Mainly due to the anomalies, special vegetation communities

called serpentine flora can be developed on serpentinite geological substrate. Because serpentine

minerals are relatively unstable in ordinary temperature and pressure, they may transform or neoform into

secondary silicates or oxides during soil formation process with much higher rate than other felsic

minerals such as quartz, feldspars and micas. In East Asia, where it has high temperature and much

precipitation, mierals in serpentine soils are weathered easier than those in soils from other regions. Thus,

mineral diversity of serpentine soils is expected to be very high in East Asia depending on the climate

conditions. However, there has been no comprehensive study to elucidate diversity of these soils in this

region. The objective of this work is to investigate the variation of elemental and mineral composition of

serpentine soils in East Asia to understand their diversity in the region. 

Samples were collected from Japan (Hokkaido, Kyoto, Kochi), Malaysia (Mt. Kinabalu’s 4 sites with

different elevation) and Indonesia (Kuaro). Soil samples collected from each horizon and rock samples

were collected from near respective soil sampling sites. The elemental compositions of the samples were

determined by AAS or ICP-AES after wet-digestion or by XRF directly. A ratio of ferrous (Fe2+) to total Fe

was determined by a photochemical method using 1, 10-phenanthroline. The Fe in free oxides (Fed) was

extracted by dithionite-citrate-bicarbonate (DCB) method. The Fed content was determined by ICP-AES.

Mineral composition of rocks and clays fractionated from each soil sample was identified by XRD.

Principal component analysis (PCA) was used to obtain basic information on difference of elemental

concentrations in the samples. 

The rock samples showed similar elemental composition regardless of sampling sites. Namely, sum of SiO2

, MgO and Fe2O3 was 96±0.8% of total weight, and their ratio was about 8: 5: 1. The ratios of ferrous to

total Fe were over 0.3 in the rock samples and the Fed contents were 12±1.5 g kg-1. In the soil samples,

the SiO2 content varied largely from 45% to 5%, which was associated with the decrease in MgO content

from 40% to almost zero, while the increase in Fe2O3 content from 15% to 80%. Furthermore, the increase

in Fe2O3 content was proportional to the increase in the Fed content from 40 to 200 g kg-1 and the

decrease in the proportion of the ratio of ferrous to total Fe from 0.2 to 0.01. Thus, elemental composition

of serpentine soil was considerably different from parent rocks. The difference in the elemental condition

was more evident in soils at lower latitude with similar elevations or at lower elevation with the same

latitude (i.e. Kinabalu soils). PCA revealed that the first two PCs accounted for 77% of the total variance.

The contents of Si and Mg had high positive loadings and those of Fe, Ni, Cr, and Mn had high negative

loadings to PC1, indicating that PC1 is associates with degree of mineral weathering. The contents of Na,

K, Al, and Ti had negative loadings to PC2. Because these elements were poor in all the rock samples and

were relatively abundant in surface soil in Japan, PC2 may be associated with an incorporation of exotic

minerals, probably as aeolian materials. Indeed, XRD revealed that quartz and mica were present in the

Japanese clay samples, although major clay components were serpentine and talc. Thus, serpentine soils

in East Asia were found to have highly variable elemental and mineralogical composition, largely different

from those of serpentine in most cases. Such information of elemental and mineralogical diversity would

be helpful to establish land management strategies in serpentine areas in East Asia.
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Clay minerals play important roles in terrestrial biogeochemistry and atmospheric physics, but their data

have been only partially compiled at global scale. We present a comprehensive global dataset of clay

minerals in the topsoil and subsoil at different spatial resolutions. The data of soil clay mineral

composition were gathered through a literature survey and aggregated by soil orders of the Soil Taxonomy

for each of the nine clay mineral groups: chlorite, gibbsite, kaolinite, mica/illite/mica, quartz, smectite,

vermiculite, non-crystalline, iron oxide, and others. Using a global soil map, a global dataset of soil clay

minerals distribution was developed at resolutions of 2' to 2° grid cells. The data uncertainty associated

with data variability and assumption was evaluated using a Monte Carlo method, and validity of the clay

mineral distribution obtained in this study was examined by comparing with other datasets. The global

soil clay data offer spatially explicit studies on terrestrial biogeochemical cycles, dust emission to the

atmosphere, and other interdisciplinary earth sciences.
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Rice is the staple food for approximatively half of people on Earth and, because of the projected increase

in the world population, the sustainability of paddy fields ecosystems is of great importance. Continuous

increase in atmospheric CO2 concentration is likely to alter rice ecosystems productivity directly via

photosynthesis or indirectly via global climate change. Less is known for how elevated CO2 (eCO2) affect

soil C pool which is linked to soil N availability and long-term soil fertility. Free Air CO2 Experiments

(FACE) give an opportunity to simulates future atmospheric CO2 concentrations in open-field environment

by maintaining an elevated CO2 concentration throughout the field. Here we report results from a rice

paddy FACE at Tsukuba, Ibaraki started in 2010. We examined how the eCO2 altered soil C and N stocks

as well as the fate of rice-derived C over a four year period.. We analyzed surface (Ap) horizon samples

from 2010, 2012 and 2014 and determined their C and N contents. The soils were fractionated into three

density fractions (i.e. free light fraction, occluded light fraction and heavy fraction) that correspond to soil

organic matter pools with different degrees of decomposition state and mineral association. The free light

fraction corresponds to relatively recent plant residues which were not extensively decomposed by soil

microorganisms. The occluded light fraction is composed of organic matter that was entrapped in soil

aggregates. This organic matter is physically entrapped into soil aggregates. The heavy fraction is enriched

in mineral particles and the organic matter present in this fraction is associated with mineral particles and

underwent more pronounced microbial transformation. Because the CO2 added in this experiment

derived from fossil C, its carbon isotopic signature differed from natural atmospheric CO2. This isotopic

signature allowed us to track the flow of photosynthesized C into different soil organic matter pools and to

estimate mean residence time of C in each fraction. 

 

Both soil C and N contents progressively decreased over the four year period due presumably to a shift in

management (i.e. removal of rice straw form the field since 2010). It is worth mentioning that this

decrease in soil organic matter was 25% more pronounced in the control plot compared to the plot

exposed to eCO2, suggesting that eCO2 significantly enhanced organic matter input to the soil. The

decrease in N contents was not as pronounced relative to C, leading to an increase in C:N ratios. The

higher C:N ratios of soil and plant observed are likely to promote N immobilization by soil microbial

community, which might lowered N availability for rice. 

 

Further soil analysis using stable isotopes measurements revealed that, after four years, significant

proportions of original soil C were replaced with recent C at different degrees among the three soil

density fractions. The mean residence time of C was on average 6.5, 120 and 56 years in free light

fraction, occluded light fraction and heavy fraction, respectively. About 60% of soil organic matter was

distributed in the heavy fraction and the relatively rapid turnover of C in this fraction was not expected.

The heavy fraction contains the organic matter bound with mineral particles, which is more stable into the

soil. We found that, after four years, about 7% of the C in the heavy fraction was originating from C

assimilated by rice plants since 2010. 

 

The relatively rapid incorporation of newly added carbon into the heavy fraction and the higher soil C

MIS19-13 JpGU-AGU Joint Meeting 2017

©2017. Japan Geoscience Union. All Right Reserved. - MIS19-13 -



Keywords:

contents measured under eCO2 suggest that the soil may be acting as a C sink under the open-field eCO2

conditions. As it corresponds to a negative feedback for the rise in atmospheric CO2 concentration,

further research investigating this process are necessary.

 
Soil, C and N cycling, Free Air CO2 Experiment (FACE), Density fractionation, 13C, Climate

change
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Soil organic matter (SOM) accounts for a major portion of terrestrial C and is considered to be stabilized

against microbial degradation due partly to its interaction with soil minerals. These organo-mineral

interactions contribute to the formation of heterogeneous organo-mineral aggregate at various space

scales down to submicron level. Many early studies showed hierarchical structure of organo-mineral

aggregates that are bound together by various binding agents. Yet how organic compounds of microbial

and plant origins interact with mineral phases within soil aggregate structure at the spatial scale relevant

to microbial extracellular enzymes (tens of nanometers) remain unclear. 

Here we focused on the sonication-resistant organo-mineral aggregates that are enriched in organic

matter (OM) collected by particle size fractionation from four soil types of contrasting minerology. We

hypothesize that spatial variation of C, Fe and Al and it’s chemical composition differ among the soil

types due to the differences in the mode of organo-mineral associations. 

We compare top soils (A horizon) from four soil types: allophanic Andisol, non-allophanic Andisol,

Mollisol, Ultisol. The recovered particle size fractions are observed by scanning transmission X-ray

microscopy (STXM) and near-edge X-ray absorption fine structure (NEXAFS). We will discuss common

patterns and differences based on the mapping of these elements as well as that of carbon chemical

composition among the four soils.
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Madagascar is well known for the unique ecological system and approximately 80% of plants and animals

in Madagascar are the endemic species. During the past 2000 years, at least 17 genuses of vertebrates

became extinct, which led to demise of animals weighting over 12 kg excepting crocodile Crocodylus
niloticus (Burney and MacPhee, 1988). The main factors of the megafaunal extinction in the island of

Madagascar would be human activities (e.g. over-kill, fire) or environmental changes (e.g. aridification,

vegetational transition) (Crowley, 2010; Burney et al., 2004). Previous research reveals that the

vegetational shift coincided with the extermination of megafauna (Geoffrey Clark, personal

communication). However, the relationship between them has remained less understood. 

 

Here we reconstructed the changes in the feeding habits of extinct species at the level of C3 or C4 plants

to evaluate the correlation between feeding habitats and vegetational shift as well as human arrival. Fossil

bones of extinct pygmy hippo Choeropsis liberiensis were collected from Taolambiby, Ambolisatra and

Itampolo in southwestern Madagascar and used for isotopic ratio analysis. Collagen was extracted from

the bones, and carbon and nitrogen stable isotopic ratios of collagen were measured using EA/IRMS at

Japan Agency form Marine-earth Science and Technology. Radiocarbon dating of bone collagen was also

employed using Single-Stage AMS at Atmosphere and Ocean Research Institute, The University of Tokyo. 

 

Radiocarbon dates of bone collagen show the range from 2750-1130 cal BP. The δ15N values were

9.6-10.1‰ in Taolambiby (n=2), 11.1-12-3‰ in Itampolo (n=6) and 12.48-12.57‰ in Ambolisatra (n=3)

without the date of 2750 cal BP, suggesting that the trophic level of hippos would not change in the same

region. The δ13C values were -18.9--19.7‰ in Taolambiby, -17.2--17.9‰in Ambolisatra and

-12.7--14.8‰ in Itampolo. The range of δ13C values in fossil bones of pure C3 feeders would be

approximately -31--17‰ through the δ13C values in modern C3 plants from Beza Mahafaly, located

about 20 km off eastern Taolambiby (Crowley et al., 2011). To take into account of the isotopic

fractionation, the values in C4 feeders should be higher than that of C3 feeders. In comparison with the

range of C3 feeders and our results, hippos in Taolambiby and Ambolisatra would be C3 feeders, while

hippos in Itampolo would feed on both C3 and C4 plants, indicating that the diet of hippos in

southwestern Madagascar did not change at the level of C3 or C4 plants in the same region. Previous

studies revealed that human migrated to Taolambiby ca. 2300 cal BP (Burney et al., 2004). The extinction

window of hippos in southwestern Madagascar is estimated 1250-950 cal BP (Geoffrey Clark, personal

communication). Furthermore, pollen records in Ambolisatra show that the vegetational change occurred

around ca. 1250 cal BP (Geoffrey Clark, personal communication). Therefore, our results suggest that

hippos would not shift their diet at the level of isotope composition in their tissues from 2600 cal BP to

1100 cal BP, corresponding the timing after human arrival until hippos' extinction. Moreover, the δ13C

values different among locations suggest that hippos would feed on local plants without distinction of C3

or C4 plants. Hence, vegetational shift would not have an impact on the isotope composition of their

tissues, and food shortage may not directly cause hippos’ extinction.

MIS19-15 JpGU-AGU Joint Meeting 2017

©2017. Japan Geoscience Union. All Right Reserved. - MIS19-15 -



Keywords:

 
Madagascar, Holocene, extinction, bone collagen, stable isotope ratio, feeding habit

 

MIS19-15 JpGU-AGU Joint Meeting 2017

©2017. Japan Geoscience Union. All Right Reserved. - MIS19-15 -



Keywords:

Leaf biomass of hinoki cypress forests along a slope gradient in Kochi

Prefecture.

 
*Yoshiyuki Inagaki1, Kazuki Miyamoto1, Shiro Okuda1, Mahoko Noguchi1, Takeharu Itou1

 
1. Forestry and Forest Products Research Institute

 
Leaf biomass in forest ecosystems is estimated by several techniques. Leaf biomass is known to be

proportional to the basal area at the crown base. The basal area at the crown base can be indirectly

predicted from tree height, height at the base crown and diameter at the breast height of trees. From

these principles a simple method for leaf biomass estimation is developed for hinoki cypress trees. The

method is applied for 18 hinoki cypress forests in two areas at different elevations in Kochi prefecture,

southern Japan. Leaf biomass raged from 14.1 to 19.2 Mg/ha at the high elevation area and from 12.6 to

18.2 Mg/ha at the low elevation area. Leaf biomass was not different between the two areas or among

different slope positions. The linear regression was applied for log-transformed leaf biomass and stem

biomass in each forest. The slope of the regression lines ranged from 0.75 to 1.03 at the high elevation

area and from 0.92 to 1.05 at the low elevation area. The slope of the regression was positively correlated

with relative yield index which is correlated with height growth of trees. The results indicate that smaller

trees have greater amount of leaves per unit of stem biomass at the low productivity sites and smaller

trees have fewer leaves at the high productivity sites. This mechanism explains relatively constant leaf

biomass along a slope gradient.
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Nitrogen is one of the essential elements for organisms in general. Nitrate is the representive nitrogen

nutrient assimilated by plants. While most of nitrate assimilated by plants must be supplied from soils,

plants could uptake atmospheric nitrogen oxides from leaves and use them for the source of nitrogen.

Traditionally, such assimilation pathways in plants of have been studied using artificial isotope tracers

such as 15N. The 15N tracer methods, however, need tedious and time consuming incubation expariments.

Besides, such experiments could often alter the growing environment from natural. In order to clarify both

the source and the assimilation pathway of nitrate in plants, we used the natural stable isotopes of nitrate

extracted from plants as tracers, instead of artificialy concentrated isotopes, with special emphasis on

quantifying the contribution of atmospheric nitrogen oxides to plants by measuring triple oxygen isotopic

compositions of nitrate. 

Leaf samples were collected from conifer needles (Metasequoia and Cypress), broad leaves (Quercus
glauca and Prunus yedoensis) and herbage (Sasa) once every month from April, 2016, to April 2017 from

the same plant individual at Nagoya University.The leaf samples were washed immediately after each

sampling using Milli-Q water and dried, and then nitrate was extracted using Milli-Q water, while insoluble

materials were removed through filiteration.The stable isotopic compositions including the triple oxygen

isotopic compositions of the extracted nitrate were determined using Continuous-Flow Isotope Ratio

Mass Spectrometry (CF-IRMS) system in Nagoya University (Tsunogai et al., 2010). 

The nitrate concentrations per dry weight of plants were ranged from 0.1 to 0.5 μmol g-1. We could not

find clear seasonal variations in the concentrations. The isotopic compositions of nitrate extracted from

the plants were highly deviated from those in soil water. The δ15N values showed large variation from

-25‰ to +10‰ (vs. air) among the plants. Quercus glauca and Metasequoia showed definitely lower δ15

N values in nitrate compared with those dissolved in soil water (-5‰ to +5‰). Besides, the δ18O values

were significantly higher than those dissolved in soil water (-10‰ to 0‰ vs. VSMOW) , ranging from +60‰

to +80‰ in the whole plants. Furthermore, the Δ17O values always showed large anomalies (+13‰ to

+20‰). We concluded that most of the nitrate extracted by the method contain nitrate derived from

atmospheric nitrogen oxides.
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Solubilization of iron (Fe) oxides in soils has strong influences on phosphorus (P) sorption and plant

productivity (Fe2+ toxicity). Seasonal flooding is hypothesized to change the red-ox status of Fe3+ (Fe2+)

and Fe oxide stability to varying extents under different ecological conditions. The stability of Fe oxides

were thermodynamic analyzed using Fe2+ concentrations, Eh, and pH in soil solution for a variety of

seasonally-flooded soils in arctic, temperate, and tropical regions (forest and paddy system). In

continuous permafrost zone (Canada), permafrost-affected soils of black spruce forest are seasonally

flooded due to summer thawing impermeable permafrost table. The surface soil solutions were

under-saturated with short-range order Fe oxides (ferrihydrite). The soil solutions in deeper horizons are

supersaturated with short-range order Fe oxides, consistent with the high concentrations of

oxalate-extractable Fe oxides. In tropical forest soils (Indonesia), soil solutions are under-saturated with

short-range order Fe oxides, but they are supersaturated with crystalline Fe oxides (esp., lepidocrocite).

This suggests solubilization and re-precipitation of short-range order Fe oxides. This process is promoted

in the soils of riparian zone. The highly reducing condition of tropical paddy soils (Indonesia) promoted

solubilization of goethite and hematite, which caused Fe2+ toxicity. The red-ox cycles in temperate paddy

soils (Japan) caused solubilization of lepidocrocite and supersaturation with short-range order Fe oxides

after drainage. This process caused P solubilization and translocation of Fe oxides in deeper horizons.
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