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Does oxygen supplied to anaerobic soil by mangrove aerial roots facilitate soil
nitrate production and plant nitrate use?

Koyama, Lina
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This study aimed to investigate dynamics of nitrogen, an essential
macronutrient, in mangrove ecosystems from a novel viewpoint. Mangrove forests are regularly exposed
to tides and the soil frequently becomes hypoxic. Soil inorganic nitrogen, ammonium and nitrate,
are the major nitrogen sources for plants, and nitrate production (nitrification) does not occur in
hypoxic soil condition. Thus, nitrate has not been considered as a major nitrogen source for
mangrove forests. In this study, we tested the hypothesis that plants supply oxygen via the roots to
the soil, and nitrifier microbes produce nitrate using the oxygen. The results showed that
nitrification occurred in mangrove soil, and that mangrove species have high capacities to use
nitrate as a nitrogen source.



¥ X C—19. F—19—1, Z—19 ({5m)

1. WHERR S D5

27— 7N - BT OWIRIHNIC RO T B AT ARAIICIZNTE, T
Hi~ DRI X 2 HRER D R AR EH O RN H I T 5, EYE - AERE2AICIE, K
H B \IFTERKIC X o TEAT MUK T 3 2 &6, EYOENICEE T 2% 03% { 1T
ONTERIZD, MDD (FRR) 2R T3 2 ik~ Za—7HcERT 3
YDA 2T T 2 ICBIT 205 2 E b fThbi T b,

AEcld, v v 7 u— 7MoY EER. FHoaSEZiRIcEE T 5, B LEOFMRAEERICE L
TiE, EYOVHESLEILED —DOTH 28K, KL B E O CHEED SRR It
an, HEhcTEHYRBAEY O 212 L > TEEL - I N T T v B T HESEE - i
REZLLD, ZNo PPN X > TR - AL SN THOEEEEER L 22 % L v ) NEIEERE
E-ESL, ZRIINL, v v 70— 7RO HEIZIZIZTER D 5 WIZEIY IR - TEHIZREK
T 570, WM HBIXBEIREIC R 2 2 L%\, Z DR, TR CEENPHE LML Z 5
T.owrvu—THYEsEERE L TP vESTRESERHTAEEZoNTEL (K1),
L2>L. Inoueetal. (2011) (&, w27 u—7Hy) 3 FORE L RE I ICE W THERRS O
TYIERE S SRR IE 2 Ll L . R B W TINIRRESERIRESE W E 2R Lz, 512, Pl
DGR, = v 7u— 7RO 1 fiA eV FIIHEBREEELZFIH L v 2 aiE»R Sk, MY
HYFRREE £ 2 FIH T 2REIIREIC L > TAREC B D (Koyama et al. 2020)., 4= < hiyfgREZE &
ZRHAL R OELEET S, o TP EOMEIE, InFothEhoEEREEROFEL L
TR 7V EZTREEBEMELS T EEZIONTE L vy 2o — THIEICEB T, EBICIZY
MEHEEZEDVEMSINTE D, ZOMBEEZEVPHMICHHINTVE I EZ2RBT L EEZ T,
v v ru— 7% K DRIRD 6 RAPOBELER L TED ., Z0—5F2MR0 6 11w
H U TR R S - 0 RE1EDS B 2 8, C DO E) & IRIESE DB DOBIFRIZ DWW T
WG % S A 72

2. WHEOHM

Atgeclz, ~vsu—7hmeE <~
7'ua—7 A Eh oty o 2
NETHI SN TV h - A WEERD
BAZ L CTw0d EWHRFEZL T, 2D
BIfRIZ. v 7 u— 7Y% % E L
TN CIEE 2 G L. e DS
L7-BELZFMMHL CTERL MBEERE —
EHMEEFRE LTHAT 2, 2wy B
BELEEZOPLHINDICX > TRIZT S

(X 1), ZORFEBAET 272012, <

v 7na— 7Y ORBE Tl b3 e X
NTWBD0, 2% ), HEFORE LAY
iR R s s o, 2 L. &
< v 7 u— 7Y IRB AT S g X -
fezeEamERE L LA LTV 20y B XY O0-TJERBRICEIT 2 ERER.
L 2 HICBT B 21T 7, (ML 2020 BIFABERFERENEY 7 XK D)

wp FENER v>oaO—7EY

AR TER
E;>bkﬁ%

Bk > TRBD
THERAEZESRFIAREN

NH,*N

FUEZTERR

3. WDk
AiZECIE, v 7 a—7HREEOMLE BEROMBRZIUET 2 -0 0BAHHEL, v~ /0
— 7R X DHEBREREZOHHBE I ZH O T 5 - 0 DREEFEB#1T-o 72,

(1) phhi#E

PR L, MR RECEE L 72, A ALF LY IV ALXO2feNRE L, 207
NOFEDIRNPIAT 2 LHEE I N 2500 6RO IIHE 2L, THEOFAARY 7 h iRE
LWL 2 P L 7, R TR L - R g S . T CRE2 ST, B
AL I3 S RLE AR F L —3 — % F O 22 B AR IS X ) @ L 72,

(2) ABEEHE SR

BB, WAEELFALS, A AF LY ye e L ¥ O 2 fMANRE L CEML L, 2
NZNORDYHEEFEZ KPS L, #7k 2 RIEOMIRIES R 2 KPS L TIs 2
AL 7o, HIRIESEZOAHRE DIREE & U T, HE L MOMIRE CIEETEME 2 1E L 72, fHiRE
TUREFE L, TR COMSIERESE R O MBI B 1T 2 I DBIE T H 2 hifie e % 35 o Mg
BERADEITLZHD, ZOMROM I X 2 HIRIEEFE OEITERE SRR 2FICES T



LHVHBEIC > T T EDBHISN TV S, £, WET THBEERIVER I NS 7ot
ADMFEL e\ 2 E 2RI LT, Wik rh ORI S SRR IE 2 HIRIE SR IN DFRIE & L7,

4. W

(1) phhii#E
A EORR, A ALFELOVY Y2 LXOEBSMT 5 1 CIE, btz > Tw
3 EDRRENT, BILEER Y Y b VX HIETA L AX I X ) b Ed o 7, FRRICH
PLARAHIEIC X > THE S - B CoBREROBEE Y v e L X LETH L ¥
TH XD b ED o 7, BTV ORI e BEATR T O MEIEIREE O L Tl A B L FIRE
TEHIE N7 TEEK D139 23, ¥ v < el FRBE RIS L7 TR & D b E o hbigae
WBEREEZ R L 72D (Inoue et al. 2011). I DEW I HIEFCOMILEEE L HEHED N A
BEBT2MHICE > TERZZEZTBL TS,

F 70, HEEREIE IO L Cn R E & T ORLEE & ORI, BIchrbsThH
IO o7, L L, BEINNZI WYV LTI HEORMIEEDZEBI K E L |
REPKE WY ¥ IV TREFNS WA E S Il BEEY  7 )vicid, SRR RO &R
WOAT 2EEP ST 22 ETRBEETN TR I E2WFEL 2, Flcyo vy~ ¥
B L CTRESRIICAR R DSIET I/N S WY v U3 % o 7720 B8 100mL @ 38 ERHY
faArh D TIELRICROWELR A T AR E Z s 5,

(2) FKBERRE SR
V=PI N e S Al P o

gg% é E\ gg%i%ﬁ%iff@ B. gymnorrhiza R. sty/osa y= —V;”+Xxx
el AN AN 1% ﬁ-_;%ﬁ % - Fenx TIYIELE A® Leavmes
FFLLCHT 2828 = 7] ] Fine roots
ZzEmEnt (M2), % j(g BT

7o, WK TYIBRERED 22 20 9

Bt xh, mEEsEsmy o &l L -
INTLB I ELRINS, .

R CILIE T 2 &, MRS 250

RIREE, TR SE ‘ g,\/f/jﬂ*M””:
LAELERYIY<ELY Z o e

J: b %)%i))“)f:o i@fﬂ:g}ﬁﬁ 0 0.1 0.2 0.3 NO(S:-.N gjp;y(m,ﬁj . 0.2 0.3 0.4 0.5

2 TS B2 AHRERRORR, KBRS NI R
2020). 5

X L X O RS e ?»%&"F EEYDEEROWEETEREES L O
WIS o L AREE  Fmk EOBRRER,

ThHh ., A LFIFEFICE

WIEEE R L7 E B A2 5, £, HEECEERIGM:., HERERRE L b, MR &2 0 5IcH
HINFH, LT R TECEZ R L7,

IKBERRES TlE, 0~0.5mmol L' DOHiFH T 2 REOMNBEEE Y v v /' u— 7Y
B L 72, SHEIREICR L €, MEN OEIERE S BRI, HIEETIHEE & bITIF L A &%
RET, FRICA L X CHEE IR E MR LS T L O IR IE S RN & YRR GRS
WIS N7, Z ORI, MEIHEREERZICH L CEVEAELZ > 4 7OofTh 5 2 L
ZRBLTWV3,

L5 o
EEE=
Zo
=

PN
=]
R

INGOFRIZ, v v 7 — 7R IERICHBEBERIER I NS 2 L, v v 7u—THEYn
MR EERFE L CHHTEZRNIPH S 2 L2 LTz, 2L, b ombittEyic
X9 5 IEEAG ., LI & > TOBERICEA L Tid, = v 7a— 7T DR O 1%E % IHIg
WRT ZEIFTET, L DUNRZEEA — L TCORENNETH B EDRHer RS T, 5
BOERE LT, X O BUNRZERIZ 7 — )L To 13 EROFREUC X 2 BAAREE S, BIEEE T T
DR & LIE~DIEFAE & i & DBIfRZ EERIWICHE T2 2 LT, AFETRA L=
7a— 7Y L FEMAEY E OHAENBIRICOWTHSDIC T2 LN TELEELLND,

<5 JH3CHk>

Inoue, T., S. Nohara, H. Takagi, and Y. Anzai. (2011) Contrast of nitrogen contents around roots of
mangrove plants. Plant and Soil 339:471-483.

Koyama, L. A., M. Terai, and N. Tokuchi. (2020) Nitrate reductase activities in plants from different
ecological and taxonomic groups grown in Japan. Ecological Research 35:708-712.



22 22 5 12

Koyama Lina A. Terai Masakazu Tokuchi Naoko 35

Nitrate reductase activities in plants from different ecological and taxonomic groups grown in 2020

Japan

Ecological Research 708 712
DOl

10.1111/1440-1703.12083

Inoue Tomomi Noguchi Ko 229

Theoretical analysis of a temperature- dependent model of respiratory O 2 2020

consumption using the kinetics of the cytochrome and alternative pathways

New Phytologist 1810 1821
DOl

10.1111/nph.16964

Taillardat Pierre Marchand Cyril Friess Daniel A. Widory David David Frank Ohte Nobuhito 160

Nakamura Takashi Van Vinh Truong Thanh-Nho Nguyen Ziegler Alan D.

Respective contribution of urban wastewater and mangroves on nutrient dynamics in a tropical 2020

estuary during the monsoon season

Marine Pollution Bulletin

111652 111652

DOl
10.1016/j .marpolbul .2020.111652

Nojiri Yosuke Kaneko Yuka Azegami Yoichi Shiratori Yutaka Ohte Nobuhito Senoo Keishi 35
Otsuka Shigeto Isobe Kazuo
Dissimilatory Nitrate Reduction to Ammonium and Responsible Microbes in Japanese Rice Paddy 2020

Soil

Microbes and Environments

DOl
10.1264/ jsme2 .ME20069




Fujimura Reiko Azegami Yoichi Wei Wei Kakuta Hiroko Shiratori Yutaka Ohte Nobuhito Senoo 35
Keishi Otsuka Shigeto Isobe Kazuo
Distinct Community Composition of Previously Uncharacterized Denitrifying Bacteria and Fungi 2020
across Different Land-Use Types
Microbes and Environments
DOl
10.1264/jsme2 .ME19064
tl tl I 76
2020
1_221 1_231
DOl
10.2208/jscejer.76.5_1_221
Kuroiwa Megumi Fukushima Keitaro Hashimoto Kazuma Senga Yukiko Sato Tsubasa Katsuyama
Chie Suwa Yuichi
Measurement of the Potential Rates of Dissimilatory Nitrate Reduction to Ammonium Based on 2020
<sup>14</sup>NH<sub>4</sub><sup>+</sup>/<sup>15</sup>NH<sub>4</sub><sup>+</sup> Analyses via
Sequential Conversion to N<sub>2</sub>0
Journal of Visualized Experiments
DOl
10.3791/59562
Okubo Takashi Toyoda Atsushi Fukuhara Kohei Uchiyama lkuo Harigaya Yuhki Kuroiwa Megumi 28
Suzuki Takuma Murakami Yuka Suwa Yuichi Takami Hideto
The physiological potential of anammox bacteria as revealed by their core genome structure 2020

DNA Research

Dol
10.1093/dnares/dsaa028




Yamano Hiroya Inoue Tomomi Baba Shigeyuki

Mangrove development and carbon storage on an isolated coral atoll

2020

Environmental Research Communications

065002 065002

DOl
10.1088/2515-7620/ab9d05

Inoue Tomomi Kohzu Ayato Shimono Ayako 39

Tracking the route of atmospheric nitrogen to diazotrophs colonizing buried mangrove roots 2019

Tree Physiology 1896 1906
DOl

10.1093/treephys/tpz088

Inoue Tomomi Shimono Ayako Akaji Yasuaki Baba Shigeyuki Takenaka Akio Tuck Chan Hung 125

Mangrove-diazotroph relationships at the root, tree and forest scales: diazotrophic communities 2019

create high soil nitrogenase activities in Rhizophora stylosa rhizospheres

Annals of Botany 131-144
DOl

10.1093/aob/mcz164

Isobe Kazuo Ise Yuta Kato Hiroyu Oda Tomoki Vincenot Christian E. Koba Keisuke Tateno 14

Ryunosuke Senoo Keishi Ohte Nobuhito

Consequences of microbial diversity in forest nitrogen cycling: diverse ammonifiers and 2019

specialized ammonia oxidizers

The ISME Journal 12 25

DOl
10.1038/s41396-019-0500-2




Ohte Nobuhito Katsuyama Masanori 33

Comparison of nitrate export patterns in forested catchments in Japan and the Northeastern 2019

United States: A meta- analysis

Hydrological Processes 3184 3194
DOl

10.1002/hyp.13612

Taillardat Pierre Ziegler Alan D. Friess Daniel A. Widory David David Frank Ohte 214

Nobuhito Nakamura Takashi Evaristo Jaivime Thanh-Nho Nguyen Van Vinh Truong Marchand Cyril

Assessing nutrient dynamics in mangrove porewater and adjacent tidal creek using nitrate dual- 2019

stable isotopes: A new approach to challenge the Outwelling Hypothesis?

Marine Chemistry

103662 103662

DOl
10.1016/j .marchem.2019.103662

Yamano Hiroya Inoue Tomomi Adachi Hiroshi Tsukaya Keisuke Adachi Ryota Baba Shigeyuki 220

Holocene sea-level change and evolution of a mixed coral reef and mangrove system at Iriomote 2019

Island, southwest Japan

Estuarine, Coastal and Shelf Science 166 175
DOl

10.1016/j .ecss.2019.03.001

Yasuaki Akaji, Tomomi Inoue, Hajime Tomimatsu, Ayumi Kawanishi 33

Photosynthesis, respiration, and growth patterns of Rhizophora stylosa seedlings in relation to 2019

growth temperature

Trees 1041-1049

DOl
10.1007/s00468-019-01840-7




Tsuruta Kenji Yamamoto Hiroyuki Katsuyama Masanori Kosugi Yoshiko Okumura Motonori Matsuo 13

Naoko

Effects of cryogenic vacuum distillation on the stable isotope ratios of soil water 2019

Hydrological Research Letters 16
DOl

10.3178/hrl.13.1

Yukiko Senga, Tsubasa Sato, Megumi Kuroiwa, Seiichi Nohara, Yuichi Suwa 42

Anammox and Denitrification in the Intertidal Sediment of the Hypereutrophic Yatsu Tidal Flat, 2019

Japan

Estuaries and Coasts 665-674
DOl

10.1007/s12237-019-00520-6

Akaji Yasuaki Inoue Tomomi Tomimatsu Hajime Kawanishi Ayumi 33

Photosynthesis, respiration, and growth patterns of Rhizophora stylosa seedlings in relation to 2019

growth temperature

Trees 1041-1049
DOl

10.1007/s00468-019-01840-7

Oda Tomoki Green Mark B. Urakawa Rieko Scanlon Todd M. Sebestyen Stephen D. McGuire Kevin 54

J. Katsuyama Masanori Fukuzawa Karibu Adams Mary B. Ohte Nobuhito

Stream Runoff and Nitrate Recovery Times After Forest Disturbance in the USA and Japan 2018

Water Resources Research 6042-6054

DOl
10.1029/2017wr021986




Koyama Lina A Kielland Knut 39

Black spruce assimilates nitrate in boreal winter 2018

Tree Physiology 536 543
DOl

10.1093/treephys/tpy109

Liu Xue-Yan Koba Keisuke Koyama Lina A. Hobbie Sarah E. Weiss Marissa S. Inagaki 115

Yoshiyuki Shaver Gaius R. Giblin Anne E. Hobara Satoru Nadelhoffer Knute J. Sommerkorn

Martin Rastetter Edward B. Kling George W. Laundre James A. Yano Yuriko Makabe Akiko Yano

Midori Liu Cong-Qiang

Nitrate is an important nitrogen source for Arctic tundra plants 2018

Proceedings of the National Academy of Sciences 3398-3403

DOl
10.1073/pnas.1715382115

19 4 4

68

2021

68

2021




68

2021

68

2021

Lina A. KOYAMA, Tomomi INOUE, Naoko MATSUO

Capacity of two mangrove species, Bruguiera gymnorhiza and Rhizophora stylosa, to use nitrate as a N source

OrgN 2020

2020

67

2020




Lina A. KOYAMA, Scott BUCKLEY, Torgny NASHOLM, Sandra JAMTGARD

Measuring spatial variability of soil N at small scales -A pilot study using microdialysis in boreal forests

67
2020

67
2020

67
2020

67

2020




Megumi KUROIWA, Takuma SUZUKI, Hideto TAKAMI, Takashi OKUBO, Yuichi SUWA

Kinetic analysis of the nitrogen metabolisms in the anammox reactor

67

2020

Nobuhito Ohte, Masanori Katsuyama

Implications of the difference in seasonal variations of nitrate discharge from the temperate forest ecosystems between
monsoon and non-monsoon zones

AGU Fall Meeting 2019

2019

66

2019

66

2019




N. Ohte

Nitrogen biogeochemistry in catchment ecosystems in Japan: Uniqueness and its imprecations

Special Lecture at Department of Geography and Environmental Development, Ben-Gurion University of the Negev, Be’ er Sheva,
Israel

2019

N. Ohte and M. Katsuyama

Geographical comparison leads to a deeper understanding on the nitrate export mechanisms in forest catchments: To
generalizations from unique cases

66

2019

DNA

2018

2018




Moki H., Sohma A., Shibuki H., Toyoda K., Akhand A., Watanabe K., Tokoro T., Inoue T., Yamano H., Banno M., Nakagawa Y.,
Matsuda H., Kuwae T.

The Estimation of CO2 Flux in Subtropical Coastal Ecosystems Using a Numerical Model

JpGU-AGU Joint Meeting 2018

2018
3

2019
184

F. Stuart Chapin Il1l1 Pamela A. Matson Peter M. Vitousek 2018
608

2)

Tomomi Inoue (Kuwae T. and Hori M. eds) 2018

Springer 373

Carbon Sequestration in Mangroves (In: Blue carbon in Shallow Coastal Ecosystems: Carbon

Dynamics, Policy, and Implementation)




(Inoue Tomomi)

(80435578) (82101)
(Matsuo Naoko)

(00423012) (14101)
(Ohte Nobuhito)

(10233199) (14301)
(Kuroiwa Megumi)

(00761024) (32641)




