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Nitrogen controlling carbon dynamics in rice-paddy ecosystems under climate
change: Possible mechanisms to mitigate rice-paddy methane emissions
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The purpose of the present study was to elucidate the relationships between
methane (CH4) dynamics and nitrogen availability in rice paddy ecosystems, which contribute to
mitigation of CH4 emissions from rice paddies. Cumulative CH4 emissions tended to increase due to
nitrogen fertilization; however, a rice cultivar Takanari showed less CH4 emissions. CH4 oxidation
ratio (oxidation/production) of rice paddy soils was roughly stable, ca. 22%, regardless of
conditions of C02 levels, nitrogen fertilization, cultivars, and rice growth stages. The nitrogen
use efficiency of applied fertilizer was in a range of 59-63%. Takanari under elevated C02 levels
showed a higher rate of nitrogen uptake originated from non-fertilizer nitrogen. It might be partly
originated from biological nitrogen fixation because another experiment showed that root of Takanari

under the elevated C02 condition had significantly high acetylene reduction activity, i.e., a proxy
of nitrogen fixation ability.

€02



Co,
CH,
Cco, CH,
CH,
CH, CH,
CH,
CH,
Co,
CH,
Co, CH,
CH,
CH,
Co,
CH,
CH,
CH,
Co,
(€H) Co, CH,
Co, FACE: free-air CO,
enrichment FACE
o, 200
ppm
CH,
@) Co, CH,
CH,
CH,

CH,

CH,
@

CH,

®

Co,

*
FACE

co,

®

BNF
co, BNF
FACE
BNF

®
FACE 10 km

1) co, CH,
2016 CH,

CH,

Co,
CH,

0 EECH,FEEE (mgCm?2)

20000
15000 -
10000 -

5000 A

0

A-ON-K A-ON-T ASN-K A-SN-T F-ON-K F-ON-T FSNK F-SN-T

A: 5B, F: EC0O,, ON: SEERFEAE, sN: Z#£ =R EAE,
K:a<thl), T 2hFY

CH,



@ o, CH,
2016
CH,
21.6
Co,
6
R R
Y=0.216X - 0.661 A-K-ON
T R2=0.437 AT-ON
£ 4 [1 A-K-SN
o AT-SN
€ F-K-ON
8] F-T-ON
0 F-K-SN
E T M F-T-ON
% s HEAHH
‘AJ = — - — A-K-ON
RS e A-T-ON
& 0] 1 A AK-SN
< A ATSN
© F-K-ON
F-T-ON
* 1 4 7 10 13 F:K:SN
CH,AEBURE (mgCm2 hrt) o
CH,
€)
2014
2 5
1gN=32
g Nm?
10
C))
2015
59 63
Co,
4
6 Co,
Co,
®)
2016
Co,
800
c
[=]
8 600 -
&
oo
S 400 -
3
e
% 200 -
Y]
I
o 0 = = = =
g 8§ | 5§ |8 | &
: R F | |F
Ambient FACE

®

29
33
1.50
1.25 ®
g pl }I: 1] Year
) p L ® 2012
< 4 ! . N ®2013
S 1007 1 [} ® 2014
<§-’» ¢ # 2015
@
0.754
26 30 34
Air temperature (°C)
2017
88
166-179

Hayashi, K., T. Tokida, T. Hasegawa.
(2016) FACEing up to future uncertainty:
Free-air CO, enrichment experiments in
Japanese rice paddy ecosystems. The
Challenges of Agro-Environmental Research
in Monsoon Asia, NIAES Series 6: 93-114.

( )

Hayashi, K., T. Tokida, M. Kajiura, Y.
Yanai, M. Yano (2015) Cropland soil-plant
systems control production and
consumption of methane and nitrous oxide
and their emissions to the atmosphere.
Soil Science and Plant Nutrition 61: 2-33.

( )

Okubo, T., D. Liu, H. Tsurumaru, S.
Ikeda, S. Asakawa, T. Tokida, K. Tago, M.
Hayatsu, N. Aoki, K. Ishimaru, K. Ujiie,
Y. Usui, H. Nakamura, H. Sakai, K. Hayashi,
T. Hasegawa, K. Minamisawa (2015) Elevated
CO, affect community structure of rice
root-associated bacteria. Frontiers in
Microbiology 6: Article 136. ( )

Ikeda, S., T. Tokida, H. Nakamura, H.
Sakai, Y. Usui, T. Okubo, K. Tago, K.



Hayashi, Y. Sekiyama, H. Ono, S. Tomita,
M. Hayatsu, T. Hasegawa, K. Minamisawa
(2015) Characterization of leaf blade- and
leaf sheath-associated bacterial
community and assessment of their
responses to environmental changes of CO,,
temperature, and nitrogen levels under
field conditions. Microbes and
Environments 30: 51-62. ( )

Tokida, T., Y. Nakajima, K. Hayashi, Y.

Usui, N. Katayanagi, H. Nakamura, T.
Hasegawa  (2014) A  fully-automated

high-throughput instrumentation for & “3C
measurement of methane and its application
to rice paddy samples. Rapid
Communications in Mass Spectrometry 28:
2315-2324. ( )

Charles P. Chen
2014 FACE to FACE
85: 269-274. ( )

Miyazawa, S., K. Hayashi, H. Nakamura,
T. Hasegawa, M. Miyao (2014) Elevated CO,
decreases the photorespiratory NH;
production but does not decrease the NH,
compensation point in rice leaves. Plant
and Cell Physiology 55: 1582-1591. (

)

Okubo, T., T. Tokida, S. lkeda, Z. Bao,
K. Tago, M. Hayatsu, H. Nakamura, H. Sakai,
Y. Usui, K. Hayashi, T. Hasegawa, K.
Minamisawa (2014) Effects of elevated
carbon dioxide, elevated temperature, and
rice growth stage on the community
structure of rice root-associated
bacteria. Microbes and Environments 29:
184-190. ( )

2017 2017.3.28

31
2016.10.23-24

31
2016.10.23-24

Tokida, T., K. Hayashi, Y. Usui, M.
Arai, N. Katayanagi, H. Sakai, H. Nakamura,
T. Hasegawa. Growth-stage dependence of
CH, emissions from rice paddies exposed to
atmospheric CO, enrichment. FACEing the
future: Food production and ecosystems.
2016.9.29 Justus Liebig University
(Giessen, Germany)

Tokida, T., K. Hayashi, M. Arai, Y.
Usui, N. Katayanagi, H. Nakamura, H. Sakai,
T. Hasegawa. Current-season photosyn-
thates as the main C source for CH, in rice
paddies as revealed by FACE-induced C

labeling. FACEing the future: Food
production and ecosystems. 2016.9.27
Justus Liebig University (Giessen,
Germany)

Hasegawa, T., H. Sakai, T. Tokida, Y.
Usui, H. Nakamura, C. Chen, H. lkawa, K.
Hayashi.  High-yield rice cultivar
Takanari retains high yield response to
Free-Air-CO,-Enrichment under limited
nitrogen supply. FACEing the future: Food

production and ecosystems. 2016.9.27
Justus Liebig University (Giessen,
Germany)

Arai, M., T. Tokida, T. Okubo, H.
Nakamura, T. Hasegawa, K. Hayashi . Effects
of elevated carbon dioxide and nitrogen
fertilizer on methane oxidation and
production in vrice paddy ecosystems
estimated with an oxidation inhibitor

treatment. FACEing the future: Food

production and ecosystems. 2016.9.27

Justus Liebig University (Giessen,
Germany)

C0,

2016 2016.9.20

C0,

2016 2016.9.20



co,
2016 2016.9.20
57
2016.9.8
co,
FACE
2016 2016.5.25
Co,
2016.3.28-29
2016.3.20-24
NACS-J 2016.1.27
MC FOREST
co, FACE
2015.10.23

Hayashi, K Nitrogen aspects of iLEAPS.

iLEAPS-Japan 2015

2015.10.1

Co,

2015.9.16

2015

2015.9.9-11

2015 2015.9.9-11
@
The KAITEKI Forum 2015.7.9
@
2015

2015.5.24
@

2015.3.21

@ Hayashi, K. Strategy to address
nitrogen issues in Japan. International
workshop of nitrogen footprint: Local
reality and global connection. 2015.3.17
Hokkaido University (Sapporo, Hokkaido)

@ Tokida, T., K. Hayashi, Y. Usui, H.
Sakai, H. Nakamura, T. Hasegawa. Growth-
stage dependence of CH, emissions from rice
paddies exposed to atmospheric CO,
enrichment and sol warming treatments.
International Symposium on Agricultural
Meteorology 2015. 2015.3.16 Tsukuba
Center for Institutes (Tsukuba, Ibaraki)

@®
32
2015.2.27

2014.12.16

Arai, M., K. Fujie, Y. Mori, A. Niswati,
G. Swibawa, S. Haryani, H. Gunito, N.
Kaneko. Short term effect of no-tillage
and bagasse mulching on soil carbon
through modification of water stable
aggregate under sugarcane field in Lampung
Province, Sumatra, Indonesia. First
Global Soil Biodiversity Conference.
2014.12.3 Palais des Congres (Dijon,



France)

)
€02
4
2014.11.20
€0)
Future Earth
2014.11.7

@D Ono, K., M. Mano, T. Takimoto, M.A.
Baten, J. Zhu, A. Miyata. Canopy-scale
water-use efficiency of irrigated rice
under different climates and management
practices. 12th  AsiaFlux Workshop.
2014.8.20 International Rice Research
Institute (Los Banas, Philippine)

@ Yano, M., S. Toyoda, T. Tokida, K.
Hayashi, T. Hasegawa, A. Makabe, K. Koba,
N. Yoshida. Effect of flood irrigation on
production and soi l-to-atmosphere
emission processes of nitrous oxide from
paddy fields. 7th International Symposium
on Isotopomers. 2014.7.2 Tokyo Institute
of Technology (Yokohama, Kanagawa)

63 Sudo, S., M.Y. Matsushima, T. Tokida,
K. Hayashi, Y. Kawai, N. Katayanagi, S.
Miura, K. Inubushi, T. Hasegawa.
Prediction of soil nitrogen
mineralization as affected by in-situ
warming in parry fields in Japan. 20th
World Congress of Soil Science. 2014.6.9
International Convention Center (Jeju,
South Korea)

¢

2014 2014.5.2

FACE
http://ww._naro.affrc.go.jp/archive/nia
es/outline/face/

@
HAYASHI, Kentaro

@
HASEGAWA, Toshihiro

ONO, Keisuke

TOKIDA, Takeshi

YASHIMA, Miwa

®
MURASE, Jun

FUMOTO, Tamon

KOBA, Keisuke

IKEDA, Seishi

“)
ARAI, Miwa

PD

OKUBO, Takashi

JSPS-PD



