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Effect of Nitrous Oxide on Atmospheric Environmental Changes and Strategies for Reducing Nitrous

Oxide Emissions from Fertilized Soils

Nothing else but nitrogen would better substantiate the law " ta pantarei"
everything flows, proclaimed by the Greek philosopher HERACLITUS: B.C.540-475

Nitrogen, better than any other element, illustrates the importance of the observation that "everything
flows" and the principle that" all things are in flux". Humans have created many substances such as
plastics, radioactive materials, and chlorofluorocarbons that cannot "flow". Instead, they are disposed of
without being allowed to enter the "flow". They continue to accumulate, and are driving the Earth, where
we live, to extremity. If we do not incorporate them into a "flowing system", as expressed by the true

nature of nitrogen, the damage to the Earth will be irreparable some day.

However, we humans have also seriously interrupted the flow of nitrogen The biggest effects on the
environment have come from rising atmospheric concentrations of nitrous oxide (N,O) related to global

warming and the destruction of parts of the ozone layer.

For nitrogen, such changes originated with the artificial fixation of atmospheric nitrogen (78% N,) by
Haber and Bosch, about one century ago, at a rate exceeding the rate of the natural cycle. In addition, this
artificial nitrogen fixation at the Earth's surface has been done without any consideration for
environmental factors such as the balance within ecological systems, the location and the timing of

fixation, and atmospheric changes. These problems have already disrupted the nitrogen cycle.
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One of the most important diversions of nitrogen flow by humans is the application of nitrogen fertilizers,
which worldwide has more than doubled in the two decades from 1990 to 2010, for the purpose of
supplying food to an increasing population. Since the global demand for food production cannot be met
without increasing use of these fertilizers and further enlarging cultivated area, the output of nitrogen
fertilizers in the world will most likely continue to grow larger in the years ahead. Nitrogen, in this way, is
seen as a double-edged sword that could be used to enrich humanlife, while simultaneously being the

cause of environmental destruction.

To understand the phenomena and problems surrounding N load and N,0, and its use as a fertilizer, this
discourse first describes the history of discovery of nitrogen fixation and N,O emission through
nitrification from fertilized soils. Then, the relationship between N,O emission and changes in the
atmospheric environment are reported. Finally, mitigation strategies for reducing N,O emissions from

agriculture, forestry and other land uses, especially fertilized soils, are proposed.
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Th D, FRABRBERPIEMN LA TR E L THBEEDNHL L TWDL DO THILX, HEMHIZ)
RIZONWTH, ZHEIREEND O ALETH A 5, WEMHNIZEDL 2 EHK 2 O & >F D
HINCTHZLITEY, ZORKGEDBHALNI2> T 5D bN5S, TH., kxRN AE
B DI FE AN~ B 523 # 5 Z 41TV % (Rosenblueth and Martinez-Romero, 2006; Rodriguez et al.,
2009), AREREFICH W T, BREAZREEZMEH LN &I . FEMNAERE#E N ZEE L T
LbDETHRIND, AIETIE, AEEDOHRIEMZ R 2T 58— B L LT, 4%
AR BRI AR B DI B L, AR (SRR 22 B A2 O g AT & o5 F ] o0 mT REME LIS o
WTRRRT &2 1T - T2,

1. MRREEICERT 2MEM L

REA R 0D HE 3R T SO M B AL AR L 2 1Bk & 72 U SFAE L AEI o6 L CAE B, i F il 72 &
DEg A B FEIZ R L TWD ZENRBE LT Y D28 % (Rosenblueth and Martinez-Romero,
2006; Rodriguez et al., 2009), ZALE Tik, TN OMEHOHF T, HBEAIER S O % F.0IHF7EDs
RENTE 7, UL, HOERECHRER TEE THWDLINEROHITIE, HEIPHELND
DX, BEFEATRE T HARIRIZ L Y 552 R Al HE72 Ik HE (viable but nonculturable, VNC)IZBEIT L T\ 5 b
DHLZHEEENTNDZ NG, ZHET, LHEZHENT 2MAEMTEZREAIHET 5 £ TIZ
L2 - TR 72 (McDougald et al., 1998; van Overbeek et al., 2004; Rodriguez et al., 2009), L 7>

AR, WAL O MBI R T OFEAE T D IEM AN D “F 2 T L DNA % B - it 45 =
TR D EERMRIZ b b B AT D WMUEM BT T2 Z LN FREIC R o TE 72 (R
S NEHT) o LTedso T, AR & IBATHEE A R OMa BRI B k3 25304 2 1Ek OB
FIEICL VM9 5 2 LT, MIEHBIZHET 2MEY DNA 2 A 277 ) AFIEICX D
WHRNT 95 Z LT Lo T, AHERES A R ITRHEA) 2 A &2 A FERIICfT 2 Z L 3 AlRE & 72 %
EEZOND,
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2. AHRIEA rOMBEEMOER T 2NEEDRBEMEN

A FOREH F L OFER K O ML FRIZ 0.005%Silwet77 % 7 Lo #2859 K & BUERIE S 70,
MR ICE TN 2K ZMBEBERIK E L CTEI L., WaterMaster "DNA purification kit
(EPICENTRE, Madison, WI, USA)Z i\ C "£ 25 Z L”DNA i L7-, S 5i7- DNA & #8 b
L. B rDNA & 2 WITRIRE tDNA 21§92 77 A ~—Z JHW T PCR 17V, HIEE A O
AN Z KRR — 7 = =T XD RE LT & 2 A, flE tDNA (2% L TlE a-proteobacteria <°
y-proteobacteria, Sphingomonas sp., Pseudomonas sp., Pantoea sp., Microbacterium sp., Moraxella sp.,
unculturable bacteria 72 £ @ rDNA (ZFHIFEIPE D = DNA Wi i 238E S 40T\ 5 2 & D3 st S vz,
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LMHICHEKT 5 DNA B T T\ 5 b O &35 2 5 iL7-(Takahashi et al., 2011),
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NS U724 4EY) (DNA Wr IR AW % KB 2 — 2 OFEW E L TR 2 Z &3 TX % Denatured
gradient gel electrophoresis V£IZ & U fi## L 72 & 2 A(PCR-DGGE f##T), H72 2% A 3 b G bS Hilk
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BRI D 870 2 FHEGRES S BATHRES O A R OB L JEEHRKR 2 © M PR IR 2 50 L . DNA
FHBET D L L HIT, A NA KFHIICE®AT L Chi# L 7o, 554835 JL OV tDNA i i @ PCR-DGGE
fEMT ZAT o 7o & 2 A AHEIRES A 2 0O e [ BRI L R0 e PN AR R TR 23 A % O AR B A0 T LAY
ZL<RBOLND Z LEPER ST, Fo KR L HEES U7/ O 16S rDNA W oD 1z ALl
FNWCHAD L BHEEIT T E 2 A, ABEE B W TR 24 & LT Pseudomonas sp.,
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IHET, A 3O HHE L7 Pseudomonas BEIZ, W& BIFE DA 1363 & Ml 3 2 H v
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ahe (K1),

T, A E N L CHE LicA XOWNARIZE B L, Hiu LSRR o A8 B ik D> &
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7= & Z % Bacillus sp., Curtobacterium sp., Microbacterium sp. & #£ 7 & 40 % Hll T EE O A SRR 1 R
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FE15%) 135 AbJ5EHI10 A 9 H A E Tt 13~14 mIFHm Lz (R1) . WHEEITK
DIBIZED | HHEICaLFEREEFEE LIz, 2 LFERIMMzZEDL 20, EEEZR BT
Ra, o, REIRREIC L 2ERZ MBI RE2HEFLT0D,

x1 FHBRRICETHERAMBEREACERMEL (2011 £)

L Eil =! BITRABR R #m e K BRI
4/14 RISV i&H| 25(% 1,000)
4/25 IN—ARZREA )L (X 200)
5/11 F7E L F(x1,000) 5/11 BEF(%100)
(F{EEAD (FATEEAT)
5/26 A21)—"J > F(%2,000) 5/26 B EF (% 500)
(GRfEE®)  #—X/\2 DF(x3,000) CEIEER)
6/6 B HE(x 400)
6/8 FRH . 2H/OTFRUKFHF (X
1,200 %)
6/13 DI A2 KFIFI( x 600)
6/15 B HE(x200)
6/24 BEE(x 100)
6/26 a=yH R Z JKFIF (% 500)
EREZKBEHI (% 4,000)
7/5 BEE(x 150)
7/11 A=y REERIKFAEI 47 (% 2,000)
by TP M KFNF (% 1,500)
AZFAKFAEI (% 1,000)
7/14 B (x 250)
7/21 INRFR—hk F(%x1,000)
INAZBAF EW( % 2,000)
BA=Fl.AHH> F(x2,000)
7/25 BEE(x200)
8/4 )2k F(%2,000) 8/4 BEE(x 150)
B | RA—< Ak F(x2,000)
8/15 BEE(x100)
8/25 RISV &El 25(% 1,500) 8/25 B (% 150)
9/5 B (% 200)
9/15 AROE—DF( % 3,000) 9/15 B (x100)

-57 -



2. EMEIZEH T 5 FEME

1 4 B ISR E SRR E £ CHEITHRE Th o722 b, HIE (B) BUIAE L 72 518178
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