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NH, : 7 =7 A A4 (ammonium)

NO; : fiffgA 4> (nitrate)

NO, : HifHl&A 74> (nitrite)

DON : & 7 A 1%AREZ58 (dissolved organic nitrogen)

DIN : 37 EfgREZEF (dissolved inorganic nitrogen)

N,O : difigfb %58, —Ffk %58 (nitrous oxide)

NO : —F#{t%F# (nitric oxide)

NOx : Z#{k¥ (nitrogen oxide)

SOx : fiis5f2{t 4 (sulfur oxide)

Org-N : A HfEZSE (organic nitrogen)

SMB-N : iAWY A A4~ A% (soil microbial biomass-nitrogen)
CH, : 72F L (acetylene)

BN : B L ERNR (nitrogen-15, stable isotope of nitrogen)

BN/MN : ERLERNKRLE (isotope ratio of nitrogen)

N atom% : atomic percent of "N

m/z : ‘G &M (mass-to-charge ratio)

AOB : 7 E =7 tHIE (ammonia-oxidizing bacteria)

AOA : 7 E=T7T{t7 —*7 (ammonia-oxidizing archaea)

NOB : HifgfEafE{LAME  (nitrite-oxidizing bacteria)

amoA : 7 VE=T E ) A X —Ei#Es T (ammonia monooxygenase gene)
hao : & Ru X1 L7 I UER{LEERE1E{5 T (hydroxylamine oxidase gene)
nxrA : HAHEERR{L IR SCRER B 51 (nitrite oxidoreductase gene)

16S rRNA : 16S U AR YV — 2 RNA (168 ribosormal RNA)

PCR : polymerase chain reaction

MPN : FfEfE  (most probable number)

DHSBR : Dinghushan Biosphere Reserve

HSD : Heishiding Nature Reserve



BMAERRIZBWT, ERERITEOL S ITHBE SN TN D D0, £z, REOZE(L
TERBERICEDL S REBEH 2200, ZHOITHEMERFED—H L7 EERNF
T THUHT TND, S HITITE, EREER OHERBEH) R8I & b le o THM
BORMRAERERICBIT HERMRE LI L TVD 2 EBFHRWTHRE S, 2 b O
HOBEBEMIL - BREL Lo TWVD, THET, FAROERMEERICEAT 208138~ /e

BN (R, il HEOB MR L) LOBETIThLTE L, LrL, £D
2 IF BREBERICKELSEDLDIH D 0IZOT B R EH S T BT OMAMEEE
DIEREIFELEGLTI RN ST, TO—FH T, TEOHFAERFHIFIEDOERBICL
ST HA IIAEMREEDOAERIC OV TURT L DV @ENCEZ L DIFEREF/DL LN TED
EORoTE, ERMWRO T 1w AHEE &L TN LS MAEMBEDOHEREY v
THHET, BICHRARZMIET —~ IOV T BE<HETX 23T TH 5,

ARETIEH, 7 BWERBRICKIT 2EHRMER &£ 0B, bz 5 MAEMREED
BEFOHIED L E 2 —&4TV, £ LT, AOFED HBYE L OTHA O E 238~ K

TONFIZOWNTIRRS,

12 ERBR

Fritz Haber 78 N, & H, 72 b NH, Z &3 % L2 5 A L TLOK 100 46 OfIZ, AN
W R PE & N DN & ik Li%F 72 (Erisman et al. 2008), L2>L. O,

KED NH; WA S, BERICIMT 5 2 & TERBERITHAMICREIEMRLS

S35 (Galloway et al. 2008) , % D5, HERIERBLCERIGY « BRBLE Vo2

ERBBLA & 5 M T U 72 F7 7= AR BRBEREE A L & T D, 2B 7 v a v CIIERIEER

DEAL & Z NP HRMHAERERIZE JIFT B> W T T 5,



1201 HMERBEOERMER

HER ECTERO R DITERS T N) ELTFEL, KEAD 19%% HdTnD, L
MWL N, D=EHREEEZUDTZOITIRERTZF VT =PUETH L2, Nyid=Frres
FT=EBE L O—HOME R ERONTZAEM LIFIHTE RN, ZOMDZEZ < DEYI
FERETI L > TAERSNBITEERSCEIC L > TEL 2EERID & Vo7 TG
PEDO @) BFRUPFIHTE 220, fEo TALRAREEI N 2 LAAlT, 28 806 5 1%
A LD ERETCEEIZE > TRESN, ABRITERFIRTICH-T2EBEZ BN
Do

TH SRR 0 %2 F G B 13 Haber-Bosch D FEHIZ L » TREL Bfb Lz, HIE,
Haber-Bosch IEIZ K- THEBNLD [RUSMED R\ EFE O BITAEMNEREE AR
BrOBRBEIC L > TH b EEENICEZ TS (Figure 1-1), T LT, £D 80%Ii%
NH,NO;, Ca(NOs),, (NH,),CO;, JRFEZ EDEEIOREIZH VB, Zads HHIZEA
EH T3 (Erisman et al. 2007; Galloway et al. 2008), HfE, R THEPF I TVDHE
FNELD 5 BKI 60%% T VT N, SHICEDFnEHENED TS (FiEE 2004),
JERID 7= DIZAER ENDHERILEMD OB 10-30%FEEIIREWY) 78 & D F AL FED DR
FREHZRLRDN, FRODIFLALIE, 7ToE=7 (NH) °—b%EHE (NO), dfeil
3 (N,O) & L TRRUTHE L, £z 4> (NOy) & LTEHEENSGREMBL T
% (Smil 2001), fLABREFDBRBEIZ > THEIH S D NO DR & T LT, BT
S T 5 NHy O &1, 20 it ofMIZE LRI~ T 3-5 512 F T ERn - T
BY ., HHE O NH;<° NO OHEHIZZDIF & A ENFERIEEIR & 72> T 5 (Dentener et al.
2006), K5 H T NH;I1E NHAZ, NO IZZEHFEBY (NOx) (2720 | BRSO~ & &%
9% (Figure 1-2),

L AEEAL A R O T B O HINE, KRB, KRR B EAERRR~DOERILE
BEAEAHRKIETND, RO OERLNEREITT TICEEEMUATO 3 226 10 fFFEE



IZEII L T % (Galloway et al. 1995), NO <° NH, OHEH 132 < O Hil T 21 D R
HEILICH KT D & FAE ST (Galloway et al. 2004; Dentener et al. 2006) ., Z+ DfEHR., A
S B B9 % BURF S % /L (Intergovernmental Panel on Climate Change: IPCC) @ T48
(A2 emissions + 7 U A) (2 K iuE, AR OEFEILAE B 2030 4 F TIZ 2000 4F & g
LT 50 205 100%88 M3 5 LA & C % (Figure 1-3, Reay et al. 2008), RFiZH 7T
DT T, FELWRREIR S ANAEINA TRERINLIFNL, ZOEIMER A & - & &8

FIZlpo TV D,

122 HFHROBRBRELX—T vk e LTOMERIEG

ERITEMIZL > THHARTHETH D  BRkx AT TEREE & 0 2 b HFMRAEERNZ
BB LT D, AR EEFICNIET 2 B RMEWIL. £ D 90% LA Loy A HY 2 [H
EESNT-ARAERETHY . TNUADITE AL EBEVMRICEENDE A A~ AERT
b5, T LT, HEBAEY-CHEYPRINFIHTE 27 U E=U A (NH) OfF
2 (NOy) &\Wo o EEEREZERIIRIRD 1% biiii/272\y (Bormann et al. 1977), %D
T2 2% < DFRMARER D —IRAFET L, b2 72853 0RO T HEHR DRI K - TH
[RENTWD, EHLWEATFA L THD NHATEFHAIHE L TV DAL -
BESNDIOICK L, 7242 ThDH NOSIZIFE A EWHE - RSN PEE ST
Ve 29 LI 0D, MEIEEFE OB ORI AR RER 2RO ZEFEIEE & BLfiR 4
L ETHOTHETHDLEE R D,

NH, " NO; % Hls & L CTHEW T2 ZRAR D 22 5275 B & U 12 Figure 1-4 (27797, 72 7]
BRI NH P NOy Th b, EoinfFAEREZEF (dissolved organic nitrogen: DON)
DRTFEMEDS . FRIZERHIR T ORAKTHER SH2>2H 2 (Neff et al. 2003; Schimel and
Bennet 2004) , RARDERIGER T D ERMAEN T vt 2%, B (A% L
TrE=TAER) . WM, AR, WETH L, ERERABE (ki) Tk
& LT, I LD, AR, TEAOWE L FINRENE Z i, it e



AL LT, NO; ISP ENE 2 B D,

AT THE BT DL, BROWEEDIMLICKREL LI F—L R WA T rE
AThD, HWE (NH) LAERD (NOy) 25 E Iy HEAEM NI - FIHT 5
AR ERTHY . TDONT U A ZRD DG TH D L FRIFFIZ, NO; T E & v o
TZERIRHT v AL DRDBD UG T %o NO TN I T /KBGO KE 2 KT &
H5, MEOWECTAERKT S NO BILUN,0 (X4 YV EIEE T A8 L OREDR T A
T b, NO R NO LD THAERT D, oMb RO A RET 2
(Van Miegroet and Cole 1984) . & HIZAHLIEHEER 1575 O NO; O M & D K 1T

DT T v a THRRAEBWRERZORZMFIOWBEY OFEELEZ SN TW5D,

123 ZRFIR» b EBRBFI~DEST
WEHRIZIANBRERDOTADIEFITDRNEEZ SN TV HFRAERERICBNTH,
VTR R OBERR AN IR THR N THE STV D, ERTTEAFOHKITH

TOHRMAERBRDOIEEICONWTIL, TORENK L B HENZ I —1 v 30k k& b

12, 1980 AR KL D I AT S LT & 7 (Aber et al. 1989, 1998, 2003; Gundersen et al.

1998), EDOFEFA D Aberetal. (1998) 1% [ERAFET V] EMEENLIBEET VA

P L7z, ERAAFET /LOH T, Aber et al. (1998) 1X, BLTFIZRT 4DODAT—

T, RWERBROERMERN, RIM~OFEH M STV D ASRNS . REOD

ERVRASLE IS DBR S EBEBERICET D E NI ET LV ERELE
(Figure 1-5) :

(A7 —=20) AN oEFRAMIT/NS < ABRITERHIR TIZH D, NH . NO;

T DIFE A EDPRYC TEBAMICRIA SN D, ZOTZDIERD NO, ARGHE (i

PEALIREE - #Ral) 1 3/h &< NOy OB A7, E72 N,O BAEITIZE A LHERS

AR

(A7 —=v 1) W+ 2E2RMAREI > T, ABRIIMRAICERHRTICR 25,



L Lie LA A Lo ER I OB TG Y 7 — L ~ORIUZ K > TEFRE
BURICAD , FEEEEABN L, BRAROREDMEE S5,

(A7 —=v2) TEPOERNEMONE LT HEEZBI D, RRITERFRE &
725, NHf & LT HBIZERMESN TV DRITAERBRICKE REEL 52200, kg
PEREE D Z & T, NOTEMNLE N,O OFAENMEE SN D, ZHUTHE BB AKD
FATEALAMERE S D, EHRFIBOEMFARICIS N TIZ, F LW NO WO E » NEH
fafn OV A EEZ BN TS (Dise and Wright 1995; Mcdonald et al. 2003),
(AT = 3) ETNVORMKEETHY . HLIEMERBZEIZHE R L, ZHIZfES NOy
BB NO, N,O FAENE LT 5, MM ET3 252 & T, BED T4 2k
B L. mEOR AL R LA 5 (Likens et al. 1996; Gundersen and Rasmussen 1989;
Bowman et al. 2008) , #fH & LT, AR HE N A A~ A3 5D U, FARAETER N
BFROY =R D, TROLRIANDDMAREZBZ TERPIET 5, BRI
MIXIEET 5 (Nihlgard 1985),

ZOERMIRN O EREATNA~OETITI — o v "RLARDOIRFEHR TR N84 %
BL<#HBHLTWD (Dise and Wright 1995; Tietema and Beier 1995; McDonald et al. 2003;
Venterea et al. 2004), L722L, ZAHLDOHEMTEA S, EOXHIRAE—RTRAT—Y
0MNMHAT =V 3 ~EERBMORENET 200EL Do TV (Galloway
etal.2003), & HITHKRT 2ERMAICK LT, 47 L b HADOETOHRMNFEERD K
IR T DT CiE7e <, &fE (Matson et al. 2002) . A4 (Magill et al. 2004) , HHEEAAY;
(Vitousek and Farrington 1997) . ZARDOF|HREDFEL (Fang et al. 2009) |2 & - TH7e
Do Bl ZIE, B D2 < O B TIZ, ERIFTLT L O RROAEEMEICKH L ToE
TR 22 > TV D LTV 2720y (Hall and Matson 1999), Z 415 DA Tlix L
HAELLEILLTEBY, I T AR v EOMBREN T A DRV, Zhbo
TN UL UL E IR ER & 72 > T % (Vitousek 1984; Jordan 1985; Davidson et al.

2007), T T, BVl % < OFRMARER TlX, EHEMA S X farlz %45 i



WEIR Y | BREAMASOETARNE P I TS (Tao and Fenn 2000; Chen and
Mulder 2007; Fang et al. 2009) ,

W7 TIEE . BV USRS ) BRI RE LM E - T, Bk (B v
9 121) ODEITRANEDFELWERILENHER SN, SR LMMO —E&z2l5
ETFHENTWD, L, 2 LHIR COMIEIIKARR LN TN D25, Z oHilgo
BEOERMERE 7 2 ARERMMOBREIIZLA LD >TEBLT . A% TREND
REPEDERILF RO RITE b 72 ) HRMAERROZEIIC OV TIEITFH TE 2R

WD, EDIH i DMK TOMIED HEMENFHIZE E > T D (Hicks et al.
2008; Reay et al. 2008) ,

b X 52, BRBMAEDOHE KRN, #RICHILZIEMLSE. NO; IS NO -
N,O BAEZMRESE D, ELEZNNERAMBROETREDY A Lo TWD, il
LIX EEBAEY A S ST a2 Th DI, LIEEOM KT, Thai ) e

MBEE DAL LA E > TW D ATREMED E WV,

13 fELIRAEmRESE

kI, R (EOME & T RMAIZ AR D7z 7 v — 7 OMAEMIZ L - T
b TWwd, MALIZER, LFEARMILRKEEDOT =7 BLME
(ammonia-oxidizing bacteria: AOB) & HiiHfEE2{LAHE (nitrite-oxidizing bacteria: NOB)
Z&d, 7oE=78{ (NH; > NO,) &#lifigigk (NO, — NO;y) DOFERIL &
EZ2 B CE 7 (Schmidt and Belser 1983) (Figure 1-6), % DIE—iOHEBREMED
HIECH BIC X 2 AHEREZE R NH, D O NO, R NOy DAER B LN TN D, SHIT
THE LT =X A —FICRT L5 HOT7 =T N7 U E=TbE#H 5 Z LR A
Xiu7- (Konneke et al. 2005), Z D2 ¥ 2 > TlX, AOB, NOB, 7> E=T7 (LT —
¥ 7 (ammonia-oxidizing archaca: AOA) . TEJERKBIEMLIAEY O R4, i

TOMBIEMEIC O W TR 5,



131 7 UE=TBAGME & YRR ER LM
AOB % 16S rRNA HEfnF OIS IS R D, BUE 3 DDJE Nitrosomonas
( Betaproteobacteria ) . Nitrosospira  ( Betaproteobacteria ) .  Nitrosococcus
(Gammaproteobacteria) \Z/7FA LTV % (Head etal. 1993) (Figure 1-7), TEH o
AOB DIF{ERSCEARMEIL, I/ BRFICFE A7 16S RNA EIRF O IEALS £ 7213
amoA DM 218 L THIES N TE 72, amoA 137 F =T BALDOFIEFED X T
T EMOITUE=ETE)AFVTT—FE (AMO) OY T a=y b AEZa—FLTW
LB ToH D (Figure 1-6), 16S IRNA BInFILR7# A . amoA 1IMREE . TN E
MR LTS, F72 amoA OHEILRLAINICEL D <RI 16S rRNA B+ O AALSIC
HEOLSEMAFERSHIGLTWND Z EMnD, amoA x5 L 3 LTS AOB DfigHT
DO DFEFERY —/L L 72> Tu% (Purkhold et al. 2003; Junier et al. 2010), T TiZ
Betaproteobacteria @ Nitrosomonas J& & Nitrosospira JE DM S, WETIX, 020
Z.7C Nitrosococcus J& (Gammaproteobacteria) & UIX LIXFRH &5, Nitrosomonas J&
& Nitrosospira J&13Fk 2 70 BREE D B 15 H L7 16S IRNA BT OREFNIZHEKSWT, 9 7 T
A B =S (Nitrosospira, clusters 0-4; Nitrosomonas, clusters 5-8) (Prosser 2007) |
158 CIL Nitrosospira clusters 0, 2, 3, and 4 [ZJ&3 % AOB 23M& 5 L TV % (Jiang and
Bakken 1999; Bruns et al. 1999; Fierer et al. 2009) , NOB Ll D ZHER® 16S rRNA EHisF
DOEEHNZHAS N T, BIE 4 DDJE.  Nitrobacter (Alphaproteobacteria) .  Nitrospina
(Deltaproteobacteria) , Nitrococcus (Gammaproteobacteria) . Nitrospira (class Nitrospira,
phylum Nitrospirae) (Z/7¥ S 3T 5 (Teske et al. 1994) (Figure 1-7), NOB (22T
I% Nitrobacter & Nitrospira % F .0 NZHFSE S 4L, Nitrobacter (22 C I EERA (L i%E TLBE
FrEI—RTD oA B~—I—8BaTFELTHOWLNTWS (Figure 1-6), L2vL,
T UE=T P EOEEERICH Y  BIHRIRIE LA EORETER LRI

&V (Kowalchuck and Stephen 2001) . T DELIMAEM OMFFEITEIC AOB % HLNIAT



b, NOB O HEF TOZERMECIEVEIZIE E A EH DTV 722 (Freitag et al. 2005)
AR, RSP B M 8 > AOB, NOB BEAEDAERE & i TG ME & D REE I DWW TH
M AR ST 5, Okanoetal. (2004) [EREEET > & =7 A& U L 7= B
THIZBWT, bR T v L OHKE & HIZ, THEF D AOB O amoA 1F1E R HY
M+ 2%HEamr L, BT =T BALOSUSIEE /R T A — 2 —RRFEKO
Nitrosospira DL EIFIFE—E L TW5D Z L &R L7z, Hawkesetal. (2005) (HE Hh+-4E
2B WT, ML E (gross nitrification rate) & AOB O amoA TFERICHMENH 5 H
ZRWTZ L, AR O AIZPE S b o2 kL 580 AOB #EDZE(kIZ L - T
KESy WA TE 2 H AR LTz, Attard et al. (2010) 12 EHF# 5235\ C | Nitrobacter
D nxrA TFIEE L HHEBRIRILR T v vy VORI EOFBEN S 5 —J7C. Nitrospira ®
16S IRNA Ein B EDRIZADFHWHEENDH D Z L2 ANWE L, ERDAHEMEN &
+3 Tl Nitrobacter DMEFERIICE S /2 NOB /L —7ThDH I LR LTz, T DDk
RIT HEOMLEE A AOB X° NOB OFfEY A X (population size) ([ZL->TKRK&EL =
Yhr—ERTND I EZRRL TS, AT, Webster et al. (2005) 135 FIR
WM UTo Bt L2 Wie~ A 7 m a X LAFERICT, HEFTHBA ARSI D F
TOHMIT, HEFIHFEL TV D AOB FEED A PRI EIIKFT 2 F 4R LT,
ZORERIE, ELOBBRLE DEEDR AOB OREE Y A X721F T < BEEMMK
(community composition) (ZE>THRKE< T hr—LENTWNDLZ EEREL TN
Do
FO—FHT, BRI L 138 | R TEEIC W TIE, AOB DA RERN L
SNOFHIZIFE A EDD o TR, AOB (3JE & LCNH, #FIH 3% (Figure 1-6),
NH,*® pKa X% < (NH;+H® & NH,*; pKa=9.25) ., Fett +#8 T3 NH, & NH,~& 1 4>
b3 %5725, NH; D AOB ~Dwfifatt (b E) 1IRE KT G8d) 72, £/, B
HOD AOB OEEREDIZ & A EI3EEMEMY (pH < 6.5) TIFAEFT TE eV, FEREEICEL

DR T AOB 1T &5 (De Boer and Kowalchuk 2001; Burton and Prosser



2001; Laverman et al. 2001; Mintie et al. 2003; Nugroho et al. 2006) 7%, % DfF(E &1L
TEEICHARTENIADRNW ERHRE I ILTUVWS (Laverman et al. 2005; Schmidt et al.
2007), ZALH A, BRMEARM TIHEIZ 1T 5 AOB O ARERLHHL~D A 5 RN TH 2 =
HRJFINTH D,

132 T7VE=TBILT—F7

TR TR, RS EOMIRERBEICRAE L TV D EBZ B TE T, TE
DI v — RN D G RBRBELIAMI B IR A L TV D ZE R L MNZ R o7z, S HIC
T—=%7 RAL L OHDA4DDRD 1 DTHDH I Lo T —FA =20, Rk, B,
Eih7e & oo 3N S S0 (Bintrim et al. 1997; Jurgens et al. 1997; Buckley et al. 1998) |
SOICEEEHRD 43-kbp A X T ) LT T T AL MO, ENH T LT —F% A
—HNT =T HACEEZ b o TW D ATRENED R S /e (Treusch et al. 2005), 772
bbb, 20777 A MFZ7 v 7T —F% A —ZIZH¥KT 5 16S RNA BT & & i
HE (AOB) @ amoA B XN amoB \ZHOTNHEMBT AEHIDE E Tz, £t
WAy VHHTBT DAL T ) DMFROERNL S, 7 L T —F 4 — X I L DD 7]
REMEDNFEHE & HU7= (Venter et al. 2004; Schleper et al. 2005) , FI&BIIZ S T M IVIKIREE D&
RN 7 VT —% A4 — % . Nitrosopumilus maritimus SCM1 #RX St S hi-Z & Tr L
VT =X A — XK DL R S Au72 (Konneke et al. 2005) (Figure 1-7) , N. maritimus
SCMI1 FEIF NH; ZME— D = 3 L ¥ —J & U T BFA I 2 R ) I HEFE L  NH, 2 NO,
W2k L7,

IHIT, Z LT —F A —F D amoA DFFHEIEFINNE & A L DO, Kikh &5
HE, TOHEERIT, ME (AOB) @ amoA LV $ %<, HGTic L - TIEMH L -
7= (Leininger et al. 2005; Francis et al. 2005; Beman et al. 2010), 42 LY, ZHETH
ZONTEERER COMLONRT F A M REL B LT,

T, 7 b7 —F A= XX EOREBRFEENRTED , BEBIZHILIZKELSFS



LTWEDTHD )M, HETDOWL DONDFFEIZBNT, 7 v E =7 B bEE T

B D amoA FAER LD 7 —F 7 O amoA FFERD H\VME 7 Lo 7 —F 4 — X Offifatk &
XD MR WHBN H 5 2 & 3R 4172 (Wuchter et al. 2006; Beman et al. 2008), & &
IZ AOA OME—DHEEETH 5, MEEEBREE) b BB S L7z N. maritimus SCMI1 kD A2
FHIMFFEDN D . SCMLIZEFEDIMETH HND K 5 2K NH IREE (10 nM) (25 i
T 52 R B E o7 (Martens-Habbena et al. 2009), U6 DOWFEN L, 7 Lo T
—X A= O—HWHMEOHLIIRES FELTNDLEEZ LN TS,

LU, ISR 2RPLE TR Y | HHEREICEWTIEZ LT —F 4 — 2 3
BICRESHFELTOWLDONE I M REFRAFOEETH L, Bk (B7 a1 12.10)

WY AOB DAFAE B OB & fLIREIIZIEDHHBI & Y (Okano et al.
2004; Hawkes et al. 2005; Webster et al. 2005) . £ 72 AOB (T X 5 LD SUSIHE /X T A —

—IEEKOZNE B R L7z (Okanoetal. 2004), ZAU5H OFERIIH =727 v
=T ALY OIFIE A 7 LTV, Jia and Conrad (2009) 1328 HHEIZ 450>
T, NHAARIMZ & b 72 9 il bl O ZALITHIEE O amoA FEROBRE L XL L, 7 —F
TDENERIG LN LD, B TIX AOB 28 AOA KV ST ES L
T7 =T bEH > TS LR 72, Di et al. (2009) bIRFEZ I L 7=+
2B W T, EIEE & AOB @ amoA fF1ER & ORICIEOFERZ B2 L, AOA & D
WIERWEE Do 7e 2 b RO Z =~ LTz,

L7 L Offre et al. (2009)i%, ~ A 27 & =t X NEBRT, MLIEEED &\ Bk 1812 3
WT AOA OADIEZFER LTz, SHIZTEF LY (CH) DORIMIZEY AOA D
JH & LSRRI SN2 D, AOA WES L TT v E=T#RbEZ#H > T 5
S L7z, Chang et al. (2010) & E2#itH A2 A\~ a 7 0 a XAEBRT, AOA
DT E=TBALIEEEZ R LI, LI LED D~ A 7 v a X LFERTHISZE DT U F
=T IEMEDRIE S 72 AOA 1X, BRHRIICHEEED AOA 8% < &£ D group 1.1a (A

ELTWe, < OFHETIH group 1LIb IV ET D7 Lo T —F A —F NI Tk
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0. TEICEEITHFIET D group LIDICAET 57 —F 70, THEOT v E=T{tb%

RYIZHSTNDENE I TGN TZRU,

133 #ERREBEWIMED

RARHNC ST 072 2 1B IEOMBE O EIL, AHERE - MO BRILEM &
btTE D7D, HREEBMEMIEORT > v L EFf> TS (Focht and Verstraete
1977) s MSLARHVERS(L & O BB /& T, JERRBMEM LI OHEIEICHE DN T
WRWZ EIZ®H D (Wood 1987; Killham 1990), i< 76, FICERVERRM T TIIHER
REMHEPEREZLEZ N TE L, TUTEID, BESMETIT AOB O {LIE M
FRESN D EEZEZ N TEZ L2k D (FiEk, Allison and Prosser 1991)

W DN DBV TEE TIE, 20D e At R R BRI LDFEN RSN TE
(Schimel et al. 1984; Stroo et al. 1986; Pederson et al. 1999; Brierley and Wood 2001; Grenon
et al. 2004; Jordan et al. 2005), Mz T, W< DOPOMFFETIEL PN ZFIH U 72 g (b
DORE &, CH, 72 & DML RBIEMEAC O EWE 2 0FH LT, ISR E Vb B
ERRTEIR IR B IERLEE 2 Z NN ER L T 5 (Hart et al., 1997; Pederson et al. 1999;
Grenon et al. 2004; Perakis et al. 2005; Islam et al. 2007; Kuroiwa et al. in review) , & D5,
Hart et al. (1997) I3 E S ZEBI AR THEIZ W T HIL AR D 5 6 60%LL EANEJE e 28 ML
b TH D LA L=, £7- Grenon et al. (2004) 1Tk S - FRAROERYE T IZB W T
PR AMERLIZIZEIE 100%12 ED LA Lz, UL, TO—FHT, HZ< OF5ERE
RiE, BUERNRTETH > THHEBRBHEMIEOTHFIIREL RNV L EZRLTWVD
(De Boer et al. 1989, 1992; Tietema et al. 1992; Pennington and Ellis 1993; Barraclough and
Puri 1995; Rudebeck and Persson 1998; Islam et al. 2007; Kuroiwa et al. in review), & 7-%tJ&
KAV O BB AOB D 10° /7D 1 & 5 WNE 1053 D 1 LU F ORELTE M LAve S
¥ (Focht and Verstraete 1977) . 1% & A & D BIEERR I TFRNE D E5 8 50 TITLTIEME 2 R &

720y (De Boer and Kowalchuk 2001), Z AU 56 OFFFEIZ L 5 & (ERREMMIIZERM: -

11



BIZBOWTHT LHE SR T rEA LTV 2w, 2 s oMK T 7R R oA
& LT, BB OHIIED 1HETIE, THERTE S 5 T AR E 0O ST 28 2 MRS LA M S TP
L. WtZE#H-STND EEZX LN TE 7 (Hartetal. 1997), FHE, %< OBEVERRMA -1
IZHB\ T AOB D amoA BIA 13 S 41T Y (De Boer and Kowalchuk 2001; Burton and
Prosser 2001; Laverman et al. 2001; Mintie et al. 2003; Nugroho et al. 2006) . Nitrosospira
clusters 2 33XV 4 ([ZIET 25 AOB (ZITFEVEMMEDS TRV —FEDE L4 TW D A REMEDY (5
VN (Nugroho et al. 2005, 2006), L7>L. EDOFEEIFTDV R, 6D AOB OAIZ X
> THERHKTEO T =T BB DI TV DT> ThZew (Laverman et al.
2005; Schmidt et al. 2007), Z D7z, ITHEFRER Sl AOA 73, MMt TOML (7

VE=TRL) ICHES5TAHTL—Y—DOHREME L TEZOND,

14 ZHROERER EMAEDBHELDOY V7

ZORr v a TR, BREERA D= RALOBMICINT T, BEFR S0 R LEHE
BRICKRELSEDLLIHDHVIEZED T ut A2 TWAMAEMREL DY v 7 OEE
PEIZDOWT, £V 7 ZEIT 2720 OFEICONTIRRD, 20U v 7 O
[X| % Figure 1-8 (27”77,

ZHNET, BRIEERE AN = A LTk~ REEEKN (B2 X5KME, EAES, 15 pH,

Fa R, KGR EOHEOYBYLER RN, BET 2R T n—0EER

I
H
g
%

Y) & OBHE) S E S LT E 7= (Booth et al. 2005) (Figure 1-8A), £ D — T, %

E
BT o A% WAEMREDERITIZ LA LG ENT IR T, ZOHBDO—>

N

& LT, FARTHFIEORBUANCIL, MAEMHED AR L ERZLM T o 24D
<KD in situ DMAEMHEDOM VPR ETH T2 N HIFHND (Zak et al.
2006), L»L, kit (BZ7 v a12) OXHIT, BUETIE in situ OWEWEEIZB T
5% DIERETLENTE, ZOLITEPM HEL GG L L2 bOTIEH L0, &
REHT 0 R L ZNAEE D MAEMBHEORE (PR, BEEME. 15ME) L o4

12



Bl T 2 b7 oo 5 (Figure 1-8B), KD MK (Figure 1-8A) |2
MMA BREEER OB &> THEMREER ED X 5 IZ L (Figure 1-8B), £72%
AZE > THEDOAERREBREL LTOERFER I n AN E S BT 5 D) (Figure
1-8C) . ZNHDIEREHED Z LT, HRIWERRICK T DEREROBMEG A L0 IE
SHRTEDZ LIS TH S (Schimel et al. 2005; Philippot and Hallin 2005; Zak et al.
2006) ,
LML, BHAERERICBIT 2 EHER ot 2 LMEMBEOEREL ) v 7 S8 5T
i REZEWAN—RARD D, ZO—DFERZ BRI B AOHIETH H, i
%< ODFMATERITERBIR TICH 572010, FHEEEROBENE L, EHNE
BRBENRENWZ LIZHRT 2, BRTEPOEROBELHMT 57201213, FTE
FOTR—L TN EGTTEXDLDLERD L, 70— 3O 0T rE X
(Figure 1-4DKE) TH VY, 7 —/LIINH,CNO; 72 EDOEKERILEYDOFIER 2 EE
(Figure 1-4DR v 7 X)) Th D, —MRANIHENERERIL, BEEEEO S — LD A
RISV (TR 1.2.2) 7 7 — D EITRE W &V ) R A © D (Bormann et al. 1997)
LERS>TT = E LTENETFEL TN E VNI EFERZ T TR EREZTo >
B—RHLDONENVSTEREFDLZEDEETHDL, L L7 a—OREOHEILT
— DY A ZOREITHART—KAIZEHE L, BEF O — 140 0%, fil 20X, 158
IR ONH,SPNO, IR E A JIET 2 HF TROOND, —JF, 77— DOHEIZ OV THY
fbEBNE DL MLEE & IXHAREREI S 720 ONOs AR E TH D, T, < 0L
B —EMIM LA T 0 —L RRJERRE TR L. BRART & B % ONO, IR E D28k
bRMEEND (AT O E « MifEbEE), Lol NOTIREE (NS HEE Lz
PR LR 1L, &< E THAZERIS 72 0 OIERONO, EKETH 0 . EEEONO; Ak &
(FEORALEE « i) 2R L Tnviewn, e ol ifkic ko TAER LK
NO, I, [FFRFZAEDFL P E R ED T v AL > THBE SN NLTH D, OF

D | RS LR BT FEER O L (R bR EE) (2 T/ & W (Davidson et al. 1992)

13
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ZO7, EEEEROTENE LWVHRRTEICBWTERFER XL, £F 70
—ORIEEIZ S & DSWTHRIT T 50BN S D,

F 7o LA BEE OBSBRIXEEEAIZIE, NOy O 7 — /Lt o XM LR Ttz
<, M LHEE IR E N TWD, LEN-> T, LAEYREDRME (PR, BHE
FEER, TEPE) & ZDAREREREL L COM{bE Y 7 T 257212 b, ML E ORI &
WA R THD,

ZIVE T, R o R R LR B N s R ERAMAE (PN) &2 Hwn
THIE S TE 7, BRI HEIC PNHS PNO, 2L, Z @ NH° NO, D%
RLERNARL (PN/UN) LR O BRI 572 ) O L) bl E 2 R L T& 7z,
L L, ERITON TELEERLAWO NN 2HET 571k, MAEDEMEE L

ARETFH « AR 24T O AR E T & o TR N — RADE W, T TR DA
HThHodZ L, ml7Z2 RN E &5 H7EE (isotope ratio mass spectrometry; IRMS) % H
W, % 87 v 7 (chemical trap), 7 7 A4 A7 4+ —H A= I (cryofocusing units)
78 E ORFERIRATILER N Z K DGENEL SNH LR EBFNTH D, TDH, ik

EEREST DO OMERFIEORENSLETH D,

1.5 WFEBE L AR DOHB

BHAERERICBW T, F2RBERIZEDO LI ICHBEE N TND D0, FEHKAROHY

RIFBRBRICEDL I REELEZ L0, LWIHBLRNG, KT EFRAN (&

7vavll), FROERMEROLL (87 v ar12), MbMEMRE (87 va v

13), BHFRWBE T 0w XA LWEMBED Y 7 OEEME (B2 a2 14) 2OV TR

Nz, FOP TV OOMERZIRR L, T72bb,

(1) ZRAM ORI E ) FHROEREERAROE(LITHANLMETH L, TNICH
o bd, AhRbERAMPBEEICRD & PRINDIHT VT OB - HEHH

BT AEZBMEER I B ARLERAAMBEEITIZTEA Do T2,

14



(2) L AEREEIILEROMBAEKRO EE T L —Y—ThH b, L LEIEMHEHRMK
TIEIZB W THMAEMTE (AOB., AOA. TEERKEMMAEY, NOB) BENEiL
EOREMILZH S TNDO0, 1FEAEHLMNITRS TR,

(3) WHALEEREEE DR (AR R, BEEEMER, 1EM) &2 OARERMEEL L TomMks:
Vo 74570003, BF 70— AREE L2 EROICHET 2 LERND D,
LrL. D7D DT FENMAEW Z Mk & U TR - AFEE 21T o
e & o TIRS TRV,

T VT O - BRI 5. NOy AR Y 1 & A D ARG 0% R fe 2
LINCL A B TRINIERARMOMKIZE b2 ) BHRER T 0w 208 E THIT
H7012iE, (1) BRIk 2EFE7e—0dEEZRBH L, ZOREEZHLMNITS
Z &, (2) NOsAMAEH - TV D IR E 2 R ET 5 L FIRFIZ, O igAd
WRESE ORFIE (PR R, BEEARIS K OVEM) & NOyAERGHEE & D BIfR 2] & 22
5L, (3) ERWMABDHKICE b RIEH T —DOBILEW LNTT LT LML
B CThD, LIROMBEAMIE L TINDEFETT D0, RFETIILLTFD 4 2DOH
(% 3R E LT,

(1) EEPOERT v —D7 vt AL 2 EBANCIIE S D 720 O 722 Fik 2 i
ST D,

BT, mERAN &S TV D M ERBICALE 2 RV AR L IC ) T

(2) tHETOEHZ T —OEELERMICHH L, EF 70— 0K L EHRARED
WRICHTHLEFR T —OEEH LT 5,

(3) WL ZH > TWORMEMEZRE L. T OMAEMRED NOEMRA~D G-z /&
AU LT 5,

IhbzmL T

(4) HBEA LT O NOy AR A I = XL DOREBEFR LML, 5% THENS %

FAMOWERICE b ) ERMWR 7 0 AOLLE THT 5,
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1.6 AEHOPE

AWFFEOFAM & L Tld, ERLERDSH, ROBEFICRD L TR PEME
(2D MBHENREEAT (B2 2 3 > 121, Figure 1-3), Z O A T o EFR I X
STRE, FIH - BFHIh, E=4 ) VI T2 OIS S, -, BREERNESR
TEERCMAEMBEEIC 5 2 DB Z R 2 721, AR, £-ERMARD R

LR E GO,

161 v/ —arv

FAAHI & b I H BV R O 1 E R AL #E 9% Dinghushan Biosphere Reserve
(DHSBR) & Heishiding Nature Reserve (HSD) T& % (Figure 1-9), DHSBR (112°10°
E and 23° 10’ N) [FJR A O FIERIZALE T 5, KA T Guangzhou UAM i) 2> 55K 90 km
EVEIZ, HeRAY /N S 72 8T Zhaoqing (ZERT : AH 33 5 A) 72254 20 km ALHIAZLE
LT3, [EFFEHOTHY . FRREIX 1927 mm, D5 HK 75%0 3 Anb 8
A (wet-warm season) (2. 72 6%A 12 H75 2 H (dry-cool season) (2% (Huang
and Fan, 1982) , “FHEIEE X 80%., “FHIXIREIT 21.0°C, H FHAIRIT, 12.6°C 225 28.0 °C
Td 5 (Huang and Fan 1982), —7, HSD (112°00° E and 23°30° N) (&, [R5
160 km AbPEIZ. ZEER T2 &K 70 km ALTEICAZE LTV 5, AFERIFEIEF 1800 mm ThH
%o FWHIRIRIL 19.6°C TH O . AFHRIRIX, 10.6°C 725 28.0°C Th % (Wang and

Liu 1987),

1.62 FRHE 13
DHSBR (ZIZH AR IR BERIAR, AR, - IRTEBNE S W FIET D (Figure 1-9, 1-10),
JRIERBRIIBAER TH D | < OFFZIT I - T 400 FLL EARF#E S TX 72 (Wang et al.

1982) , INTERI AR D =B 22 M FE 1T Castanopsis chinensis, Machilus chinensis. Schima superba,

16



Cryptocarya chinensis 3 X O Syzygium rehderianum T& 5, AR & A-IRIEBE AKX &
HIT 1930 FROBEERE T DORDIMD T T T —2 a THKT 5, Ll £OH%O
NP ELORE S 3872 > TW5  (Wang et al. 1982), RANRTITRA D ILEB K OB
AT X oT, fAENRELS AL LT (B 5L Pinus massoniana, S. superba ¥ X O C.
chinensis) . —J7 T, FAFRTIE 1990 4 F TABRIEL (EITIEATE Y &7 — g OILHE)
DN TZ T2 O RTZIZ P massoniana 73MELH LTV 5,

— 77, HSD (ZIX T kIS SERI AR5 &> 0 | fif il 200 ELL R 72L& PR ST % (Chan et al.
2002) , FE /M FEIX Castanopsis nigrescens, Castanopsis kawakamii, Cyclobalanopsis
chungii, Ixonanthes chinensis, Castanopsis carlesii, P. massoniana, Castanopsis fabri, Altingia
chinensis, Artocarpus styracifolius, ¥ X N Xanthophyllum hainanense T& %,

TEITEBITTT T A MERE L, XS5 Ultisols (USDA soil taxonomy) % 7213
Acrisols (FAO soil classification) Td %, DHSBR I3 WS A3RAf 1272 > Tk D . HSD I

TERE DN EEMIC 72 > T % (Fang et al. 2010)

1.63 E#Hicb s -BEoBE(

DHSBR TiZ, BHIFIZHO7z - T NOx Chit it (SOx) 7% & OEEMERR{b DILHE
BT TS, ZDTDF 2 HEOBRMALAET LT 5 (Liuet al. 2010) , Figure 1-11
IZ DHSBR DA FRARICIIT D, 1980 4EH> 5 2005 4E £ TOFEJE Ocm 5> 5 20cm O HHED
T pH OEEZ R~ T, - HEOBME(LOSE., TEPIXEREOFERET LI =Y
LAVHEFR SN TN D (REERBIR, I, IBEHRITEB W TENL I, 423, 337, 312 mg-Al,"

kg-soil™, Liu et al.2010),

164 ZEHZREHE
DHSBR & HSD TlI KGN OLDEZBIULEENKE < B2 %, Table 1-1 (Z DHSBR &

HSD DR RO EHR LS R4~ 7 (Fangetal. 2010), DHSBR (X HHARAICRTH, &
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WEFRAM 22T TV D, HSD [Z=ERAM N IAANIC R TL 20D TIER WA,
DHSBR (2R T . PEFEEBDO MO THIL 29 (Fang et al. 2010) . AHFIET
XERAMOBFMOT-DOBMY A & LTIA T, %\ T, DHSBR & HSD ®JX
BEBIRIN & WAL 2 BEiE /K @ pH & NO, & % Table 1-1 (2759, DHSBR O JRZER AR D
BV KL HSD D JRIEBIARN DFEEARIZEE R TE L BB L TE Y | mWRE O NOy
PR SN TUWD, F£72 DHSBR DO RIEBAMARNOBRIRA, THE, BFWNICE E D NOy
DEHEBFOARLRERNARL (8§ °N, §°0) % 3 FERMICTz o THAT L7z 1.
KIS E END NOy DIF L A LR BERFIZE END NOSIZH KT 20 TIEZR<,
TEEFTHLIZ L > TAMR LT NOJICHRT 5 2 &< st T\%  (Figure
1-12) (Fang et al. in review) ,

DHSBR O H1 T H AR L ORKOF G (i) (&> T, ERORKFRENRR D HE
ISH B M7 5 CTUv D, Table 1-2 (2 DHSBR O JRFEMIAR, fAk, IRAMRDOFEE Ocm 225
20cm O HHEIZB T HEFEOMARE, MHERS X ORFEELZRT (Fang et al. 2009), 4%
AMICIZRREOERENTA L TWD, AT 2%EFKFREIL Table 1-1 IR LZHE@Y
ThDHD, KOBENZ o TR T2EFREEIZIZLE A LN NO;THSH (Fang et al.
2009), HRFAAK (A T DILFEBATITHAT LU RICEEL TS, 20z &
NH, BRPEFROY =R ->THEY, KBHREFET /L (Aberetal., 1998) D FfsBk
e (R7—T3) IhdEEZLNTND, —F, FHVEBBRICH DB LIRS
MDD DEFROFEDREITD 72 | TEPICRFFSN D720, 2D O/FMIT LD AlBpE
DAT—=VIZHbHEE X BHIDH (Fang et al. 2009)

F2 2D XD BRARRE O ERIREFREOE Y EREFNRRE OEVIIHEOBLED b
A STV S (Fang et al. 2009), —#XHIIC . FRARD R T 21220 THEY S HiEFIC
BHRENEH STV (Vitousek and Reiners 1975: Pregitze and Euskirchen 2004: Davidson
et al. 2007), Z DR, A TIXERO T — NP A AXLERIEERHE N KX 72D |

EROTAFEMENFE L 8D, TROHLREMND DEFRTABOHEKIZEDL L, EFHAm
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WIEWARERIZR > TN EB X B TW5, (Figure 1-5; Succession), DHSBR (251
TIRZERIARIE 400 42 LA EORFE SV AEAR (FBK) TH Y . REICDI - TEENRHE
I T&7e, TO—F, BARSEERITENHEATHY | X TERABL U 4 — 23
MESNTE /o, TORR, REBM EARME LT D & REBKDO T NREFRO T — L
YA AREREEREE (U #—Apk, ofFEE (Mo etal,2006)) 23KRE WD &P HE
EN TS (Table 1-3), 2O X I REAND, KK D OEFZAMIZE D D R HEH
HRITRRRCIE BRI IR T, K EFRFREICH D LH#HE I TV (Fang et al.

2006) .

1.65 ZRTMARKX

EFRAM O RP AR RICKIETTHEL M 27212, DHSBR O Frpko
CRBR X DN ER B S 4L, 2003 4E0 B N BRIZRERINNERNTOI TV D, FHRARNIC
10 mX20 m DOEFRIFMXI LOEREIRNX (2 br—LK) B3 7ay NF2H
%, 7my X 10m YL BB TV 5, BRIWIMX TIE, 100 kg-N/ha/yr OFElET > €
= (NH,NO;) 732003 7 Ao EAZEERNIN TS, T 5%EH1520 L
DKM L, MR AN TS, £ay br— L RIZIESEEOKB#INL TN D

(Fang et al. 2006), ZERZINIMXIZI T 5 EFR M OKEF % Figure 1-13 (27777,

1.66 TEEHI
AWFSETIE 3 O HHERIRE (T 72, 3 EORBOEY, fREGFT, £8)y - F Lo
BIZOWTLLT (1) 25 (3) ITRT,
(1) 2008 4, 9 AIZ DHSBR DRHERI (m v hr—/LX) | apk (2 br—/X),
BAEWw (2 br—X) TERIRL7ZZ, HEIZEHREARNO 6 HEH 6 ZZh 500

T AEEERILE, TNOOTEEZHA2I22 mm OS5 WIHE L, 1 DD
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2y Finb 6 DD HEY VAT,

(2) 2009 4, 8 HIZ DHSBR DJRIEMIA (= b —/ LK ZERIFMX), bk (=
b= UIX | ZEFRIRANX) . HSD OJRE/AR TERIL L 72, HI3A T vy PO 12
HSNBZNEN200 7T ARELZRIRL., 200 HEZHLIZ2mm D55
VMZI LT, Z D% [A—7" 1y MBI HRIT—DIZREG Lic, bbb,
1207 vy hinh 1 DOREG TEY T %2457,

(3) 2009 %, 10 H (2 DHSBR DJRIEMIM (2 b r—/vX) THRERLZ, BT 7m
Y FNAHE D ZNEN500 7T LAFREZ BRI L 72, £ 6 0 HHEAfH 4 (2 2 mm

DEDVICHE LT, TDOH%, ThbDOHEIT—DIZRE LT,

17 ERXOHAE

KR L ORI DONT, BETITo7 2 & 2 AWK R L2 b D% Figure 1-14 (12
AT, RS, F. F 2 wEEE 3 TICBWC, ERLERMAE (ON) AWK
M OER T v —EE O RE IR fFTE DML AT - 7o, BARIITIE, 5 2 Eick W
T, ERLEFNAKE (PN/UN) BIEICHWD A7 v~ ~ 75 7E &5 (GC/MS)
DYREITV, 3 BEICBN T, TEPOERMEHO "N/MN ZEEICHIET 5729
DIHTFEONL ZITo T2, FH4ENPHH 6 ETIX, kik (B7 v a3 1.66) OFAE
i HEER L7 B A W CR AT 21T o 72, BRI, 5 4 %1230 T DHSBR
D IRBEBIR AR IREIICIT 2 TEFORR 7 0 —Ofifr & £ 5 mIZB W T,
DHSBR D JRIERIAR, #A4KF6 L OV HSD OJAFERARICI N T, HEhoEFR 7 —L L
(2. BERIMABOWRIZE B RIEHRTn—DOR{bE, TNENMNT LIz, 56 FEITE
WTIE, MR E ORI 21TV, B4, 5 BEOER 7 n—HEORR LS Z
LT, bR o TODIAEMTRE DR E Z kA 1o, 3 7 BEIZE W T, ABFEORE R

LB EREIT T,
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<—Total
c 150
S
% § 125
5 € 100 <€—Haber-Bosch
Z 0
2> 75
D O
o= 50
o <€—Biological
25 <€— Fossil fuels
O Jil PRy i - Y/’ ’
1850 1900 1950 2000

Year

Figure 1-1. Global trends of reactive N production from 1860 to 2000 (Elisman et
al. 2008). “Haber-Bosch” represents N creation through the Haber-Bosch process,
including production of ammonia for nonfertilizer purposes. “Biological” represents
N creation from cultivation of legumes, rice, and sugarcane. “Fossil fuel”
represents N created from fossil fuel combustion. “Total” represents the sum
created by these three processes.
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Industrial

Activity Fertilized Agriculture

& Feedlots

Aquatic
ecosystems

Figure 1-2. Rapid transport and transformation of nitrogen from industrial and agricultural
activities to natural terrestrial and aquatic systems. Biomass burning, fossil-fuel combustion,
and soil microbial activity are the primary sources of NO, emissions, while agricultural
activities, including fertilized agriculture and livestock, are the primary sources of NH;
emissions to the atmosphere. Closed, circular black arrows represent soil and aquatic
nitrogen transformations, including N mineralization, immobilization, nitrification, and
denitrification (Matson et al. 2002).
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Figure 1-3. Global distribution of total N. (a) Year 2000 deposition field (denoted as S1).
(b) Year 2030 deposition field using a current emissions legislation scenario. (c) Year
2030 deposition field using the SRES A2 emissions scenario of ICPP. Reay et al. (2008).
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Figure 1-4. A simplified model of nitrogen (N) cycling and loss of available N. Ammonium (NH,*)
and nitrate (NO;-) are the main N species available to soil microbes and plants. Dissolved organic
N (DON) was recently suggested as available N especially in N-limiting environments (Neff et al.
2003; Schimel and Bennet 2004). Ammonia oxidation is often the rate-limiting step in nitrification
(3-4), and thus, NO,- rarely accumulates in most soil environments (Kowalchuck and Stephen
2001). (1-2) mireralization; (3) autotrophic ammonia oxidation; (4) nitrite oxidation; (5) nitrate
leaching; (6) heterotrophic nitrification; (7) denitrification.
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Figure 1-5. Changes in several ecosystem functions with increasing N availability or
degree of N saturation (modified from Aber et al.1998). Abbreviations: C, carbon; N,
nitrogen; N,O, nitrous oxide; NPP, net primary productivity (Galloway et al. 2003).
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Ammonia Ammonia oxidizer
monooxygenase
(AMO)

Hydroxylamine Ammonia oxidizer
oxidoreductase
(HAO)
NH,OH +H,0 e HNO, + 4H* + 4e-

Nitrite Nitrite oxidizer
oxidoreductase
(NXR)
NO,”+H,0 ey  NO; + 2H* + 2e-

Figure 1-6. Aerobic ammonia oxidation reactions catalyzed by Amo and Hao
enzymes of AOB, and nitrite oxidation reactions catalyzed by Nxr enzymes of
NOB. In AOB, ammonia is oxidized to nitrite via the intermediate,
hydroxylamine. No HAO homologue has yet been identified in archaea, and
oxidation of ammonia to nitrite may occur via a different biochemical pathway.
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“Candidatus Nitrososphaera gargensis” (EU281334) y,

Figure 1-7. 16S rRNA-based Maximum Likelihood trees displaying the phylogenetic affiliation of nitrifying
microorganisms. Nitrite-oxidizing bacteria (NOB) are highlighted in red, ammonia-oxidizing bacteria
(AOB) and archaea (AOA) are highlighted in blue and green, respectively. The tree in Fig. 4/A gives a
general overview of the distribution of nitrifiers in the “tree of life”, whereas the tree in Fig. 4/B illustrates
a close-up view of Fig.4/A representing all currently known nitrifying bacterial and archaeal genera and
species. The partially filled circles at the tree nodes in Fig. 4/B represent quartet puzzling reliability
values = 70 %and filled circles symbolize additional high parsimony bootstrap support (= 90 %) based on
100 iterations. The bar indicates 10 % estimated sequence divergence.
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Figure 1-8. Factors affecting nitrogen (N) cycling and loss in forest ecosystems.
N cycling and loss are largely controlled by characteristics of microbial
communities such as population sizes, community compositions and activities
(B) as well as other factors such as soil physiochemical properties, forest type,
and N depositions (A). These environmental factors also control the
characteristics of microbial communities (B).
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Figure 1-9. Location of the two study sites, Dinghushan Biosphere Reserve (DHSBR) and Heishiding
Nature Researve (HSD) in Guandong province, southern China. DHSBR includes broadleaf, pine and
broadleaf-pine mixed forests, and HSD include a broadleaf forest.
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Figure 1-10. Pictures of interiors of (A) broadleaf, (B) pine and (C)
broadleaf-pine mixed forests at DHSBR.
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Figure 1-11. Change of pH of 0-20 cm soils in (A) broadleaf
(B) pine (C) mixed forests at DHSBR (Liu et al., 2010).
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Figure 1-12. Dual nitrate (NO;) isotopic source plot based on 55N and 380 of
NO; in braodleaf forest at DHSBR. According to 380 value of NOj in
precipitation, soil and stream water, large part of NO; in stream could be
derived from nitrified NOg" in soil (Fang et al. in review).
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Table1-1 N Concentration of DIN in precipitation, and NO,;~ concentration and pH in
stream water drained from broadleaf forests at DHSBR and HSD

_ Precipitation (kg—N/ha/yr) Stream
Ste NH,* NO,~ DIN NO,~ (mg-N/I) pH
DHSBR 20.8 (0.8) 13.3 (0.6) 34.1 (1.3) 4.3 (0.8) 4.1 (0.1)
HSD 10.0 (0.4) 8.1 (0.4) 18.1 (0.5) 0.8 (0.1) 7.2 (0.1)

Fang et al. (2010)

Table1-2 Total leaching loss and retention of N (kg-N/ha/yr) of precipitation inputs in the broadleaf,
pine, and mixed forests at DHSBR

2004 2005
broadleaf pine mixed broadleaf pine mixed
N precipitation 34 34 34 32 32 32
total N leaching losses 42 15 14 48 20 14
Ecosystem N retention -8 19 20 -16 12 18

Fang et al. (2008)

Table 1-3 Total N in vegetation and 0-20 cm soil (kg-N/ha), and
litter N production (kg-N/ha/yr) in the broadleaf, pine, and mixed
forests at DHSBR.

broadleaf pine mixed
Total N in vegetation 1546 307 -
Total N in 0-20 cm soil 1862 1276 1220
Litter N production 128 16 -

Fang et al. (2009)
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Figure 1-13. Picture of N amendments. 100kg-N/halyr of
NH,NO; have been sprayed every month since 2003 to the
forest floors in N-addition plots in broadleaf and pine forests at
DHSBR.
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Figure 1-14. Contents of each chapter in this thesis. In chap. 2, methodological
developments are carried out for determining various kinds of gaseous metabolites of
microorganisms by using a GC/MS. In chap. 3, methodological developments are
carried out using the modified GC/MS for analyses of '®N of ammonium, nitrate, nitrite
and total dissolved N in soil extracts. In chap. 4, Characteristics of soil N flow rates
and N-saturation status among broadleaf, pine and mixed forests at DHSBR are
discussed. In chap. 5, Change of soil N flows in broadleaf and pine forest at DHSBR
due to N amendments are discussed . Soil N flows in broadleaf forest at HSD are also
discussed. In chap. 6, abundances, community compositions and activities of nitrifying
communities and their ecological functions in soils at DHSBR and HSD are discussed.
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F2E GC/MSZRHWEMAEH ORI A DOREEEEDIES

21 &S

ZOETRBT DI NT, EHOT A7 o~ 7T 7EESHTEE (gas
chromatograph mass spectrometry: GC/MS) #E T 5 & & b2, WESH=KiELT 5
LKoo T MAEMORBNIBED Dk % 72 0 AT A [RIREZ, {8 2> DRI E T 5
FEDWMESLIIZRI LT, 53 BB THE R LEFR T 0 —OHEOREIX, Z DF TH

MLTEHEERWTT> b D TH S,

MAEMORH 7 v RZB W T2 220 2bEY (Bl 21X Hy,e N,o 0,0 CO. NO,
CH,. CO,, N,0) DA I, HE S5 (Hughes 1985; Conrad 1996) , THD L5

BIZBWThH, MAMBZHORBE, ThoOTARKH S, RILEh 5, #MEY
DRFT mEADHRTRLEND HADAER EHEIIMAICEELEG > TWDH70 (Bl
(TR IR DR T O, Z{HE L, CO,ZEMT D) | Brax el AMZ FEFIZHIET 5
T O DITHEDRZEIE, WAEHOASLERERZIA ST H-DITIIIEFITHAMTH %,

IHET, INLOH AT, EICWL DOV OO NN T L EEN
ZHHAEDE T A7 0~ 8777 (GC) ¥ AT LT Lo THIE ST & 7 (reviewed
by Crill etal. 1995) , 121X, H,. N,. O, CO,IFEARMIZEMEE /K M4 (thermal
conductivity detector: TCD) % FH\ T, N,O (378 T-ffi/&5f H %5 (electron capture detector:
ECD) %\ T, CO X CHIZ/KFERA A bfHiZE (flame ionization detector: FID) %
HOWTHRHESINTE T, 20O INbOH AL —EICHET H72012iE, W2
DGCINMELRD, TZ T, B0 EEELHNT, T bDOMEBORBNED D
Az PET 2 FIENFIE SN TE I, FlzIX, xR lih 7 LA0mb ol 42, i

BoNNVT THUINERZD GC Vv AT L7 ETh D (Hedley et al. 2006; Sitaula et al. 1992;

36



Wang and Wang 2003; Yohetal. 1998) , L7/rL., ZH 5D GC ¥ AT LlFZ < ORERLS
—VEMELE L, FETAOREKEZEYICE VX 57O 0EWERNER IS,
—J7. GCMS X7 2 /B, ¥, AHEEE7: & OMAED ORBHE ORIEIIE VS
N TW5 (Koek et al. 2006; Strelkov et al. 2004; Tian et al. 2009) 75, [FIFFZUN < DDk
ORI ADBHIZH W B TE 7 (Amano et al. 2008, 2011; Bazylinski et al.
1986; DeRito et al. 2005; Garber and Hollocher 1982; Goretski and Hollocher 1990; Liou et al.
2008; Liu et al. 2006; Shoun and Tanimoto 1991; Waki et al. 2010) , & & IZIT4ED GC/MS
B o B, FHCMHERE O EAIZ L 5T, CH,. CO,. N,O 72 & DO BREE i ORI A7
ZDOMEI b FIHT 2 DO FREIC /2 Y 553 5 (Ekeberg et al. 1994) , Z D X 9 |2 GC/MS
WIERE R FREMEDN 2 —FH T, ZHLETOD GC/MS ¥ AT Aix, WAEHDOREHNC
B 2O T AT L2 —FIZHET 52 & 200 DT A Z Bl IZ DR RV A
FTIyv 7 VUV THET S Z &2 HIIZKRGFF SN TW 2R W AEM DOREE Y - 7 L08R
Bt v 7T, MAE OBERBESCHEEIC L o T fia fe W ATE B 2 2R CAER S
. FLEFRBICHEEIND, TOD, BEOT AT Z —EIC, duHiZ, AW A T
Sy LUV THRIETES L 972 GOMS v AT AE kit « BT 5 2 & oEEITH
LI ThD, FTEN, X0 IMEMNRBMOFEELRIE - AT ATHDH, LinL, W
VIR (B Z0F 100 ppm F2E) TULMNGFEL TWaeWEE, ZNHOH A%
Fielo, BEERSHIET 2DIXINETHE CH 72, ZOERHEHIL, N, R0,
IREZDERD THLTZOIZ, WA TN EHANANPLEATHERIC, REAND I
DOFAPNBRALTLES Z&ICE D, LIRS T, 7 NVEADKORKDIEANZ
i<z &y, RO BMAEZERT D0IZITH# LR D,

LEOFEW 2 ERIZL T, ZOE TR SN HHEICB WL, MAEHORFHBE D
LB OT AT A I, RIS, WA AT Iy I LUV THIETE D L9

GC/MS VAT L aRatdT D52 L2 HWIZ, LLTFD 3 5% 50 L,
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(1) Y T NEAREORK[OBEAZET 5720, WEMH DO GC/MS OFAAZH R
L7,

(2) GC/MS DI E S % Feiifl L A ORENT B D8k & 72 0 A Ff % ppm (107 vol.
vol.!) LULinb% (1072 vol.vol.™) LLE T, HGEIZh ORIFHCERT D 2 & &R
Irlz, TORELXATFI v LU VERELE,

(3) ERUIC K VST Lo FiEE . 8 3 BELARRICH W D MR Pseudomonas
chlororaphis subsp. aureofaciens ATCC 13985" # H\W /=7 VERICEA L, T OH At

\Z DWW TCHRGEE L 72,

22 Hik
221 HEE L HESRME

Figure 2-1 [ ARAFZE CTH V72 U EABRR GC/MS & A7 A (GCMS-QP2010 Plus, Shimadzu,
Kyoto, Japan) OAEMSIX % 779, 73BfEH 7 A121E CP-PoraPLOT Q-HT column (25 m x 0.32
mm) (Varian, Inc., CA, USA) %M\ 7=, B GC/MS 1%, #@H 7 % L8 AN (Figure
2-1, septum injection port) MHHTAZ A " U PEHWTH A TV EEAT S,
LinL, WAV TN EEAT LBEORKOBANRRAR CTH o7z, ZD72, Tk
DRGNP DIRAERL T HT20, AT IVOEAEOLREIT- 7,

HAY TN NE, HABRERERICT D20 v TV —T T v 7 & i
LT oTe, HAV U TNV EBATHEORIBAZBEBIE L7012, LTFTO LI
GC/MS Y AT LDOWREETo72, £T (1) WAV T NEANNS, TAY TR
GC H 7 LNEASNDETORKEOEY 2T X THe i THoTo, Thbb, A
A (EN2SI, ZF2SI, and SI4G, Valco Instruments Co. Inc., Houston, TX) & 8 J7/3/L 7
(2C8WE-PH, Valco Instruments Co.Inc.) %< 7 > FTHU, £ ZICEMEDO~Y T
2 (He) % 40 ml min™ T L7z, A O DOEE% Figure 2-2 (IR d, £72 2) 7

LEBEBAL TWARNWEIZHL, BAOQET AV TN GC I T L~NEASNDETOR
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BOPITEMED He #FIZi LTz, B) HAZRINT 271200 AZA R ) oy
DEtE Y NI ONTEH, BIROBERNIC He R CHF L7, SHIC 4) A7 U v K
MOT A &7 % BEAROR—T B AP DIZBW T, KAOWHIZ L 2IRA
T2, aA MR LIZAT L 2O % (50 cm x 1 mm in diameter) % 5t
L7 (Figure 2-1, injection port purging vent, split vent) .

P T REREL 200 Wl O T AY TN I AXA U Y (PS-050033, Valco
Instruments Co. Inc.) TEH(L., 8 /L TICHE L7z 25 £/ 50 % 7 —
7" (AL25CW, SL50CW, Valco Instruments Co. Inc.) Zil L CEA L7z, BA LA AY
VIV K VY TN —T RSN, SV T R FETH Y EXC, AR T
NV GC BN T L~EBA LT, 200V TN —T 5B LT= 8 V7 & Hu
L2 LT, BAesE (25, 50u) OV T IVERRICEATDLZ ENARETH D,

GC/MS ORNESRMEIX, GC HBEC DWW TH T ANRE, A7 U v Mk, v U7 A5
Bx, MS BRHIZ O W TIHRHEEEZME Lz, 77205, £ N0 % 2 0FEE TR
TE2 L9, BT LREZE 50°C, ¥ U7 HAPEE 20mlmin' (12 L7z, HWLT,
Sppm FEEE /D 20% (=20x10* ppm) DJEE L Y CH,, CO,, N,0O % [AIRFIZHIE T X
HEHIC, ATV » MEE 30, RIEFEILIZ08kV & Lz, ¥+ U7 HAITIXEME
He (>99.99995%) # M\, ~ A AT FVIEEEE, @IERPED T2 DITEIRA A4
Bt (selected ion monitoring: SIM) E— N CHIE L7z, ZDOMO T AE A GC 4y Hi,

MS & H D 7= 8 O FER 72 S5 1% Table 2-1 127~ L 7=,

222 HWEHT AT NVDER

GCMS T DR HIRF EMEDF A F I v 7 LT a KD DT FEHET X 0, N,,
H,. CH,. CO, (>99.9%; GL Sciences, Inc. Tokyo, Japan) . N,O (>99.5%; GL Sciences, Inc.)
ZHWW T, ppm (10°vol.vol.") 2°5% (107 vol.vol.™") A —X — DA PRI %, Ny 7

T R A EME He (599.99995%) % W THERR L7-, BAEAE N A FEOF R A
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5% Table 2-2 |Z/k3°, F£72 Ar, NO, CO (22T AHFFED GC/MS ¥ AT L THiHY
DAEERF LTz, TOEE, CO & NO IZHOW I L ERNAKTT L Ehizt o (BCo,
“NO, SI Sciense Co. Ltd., Saitama, Japan) % 7z, £y 7 7T 0 RTADEEL
RREET D728, mifliE He (599.99995%) & @il N, (>99.99995%) % FiLEi Ny 7
7Ty RAAE LT O,OFRRINEAERL LTz, He Ny 7 7T 7 RI RIZHDOWTUE
125%., 2.46%. 4.82%. 935%. 172%. 20.7%. 23.9%. N,/X\v 7 75 7 RH AT
WL 1.23%, 243%, 4.76%. 9.30%. 21.4%., 25.6% D O, fEHEH R & AERL LT,
IEHEHT A DFHROITRRITROEY ThH D, (1) T7FALIALRTEH LT T AL
TIVDOEREE  KEFHE LTS, TV EFRE L TORWASA TV OEED D S FEHEC
B Lz, Q) 227 7T RAATHD He £721EN, 8 1.5atm (2725 K&
I\ H A EHAEE  (Sanshin Industrial Co. Ltd., Kanagawa, Japan) THIEL7=, (3) £Z
(HERET A I, HWAZA R U UV THEALE, @) KEBIC, S, TILARNDE
71% J£ 117+ (Nidec Copal Electronics Co., Tokyo, Japan) TilliE L. 7 AR 2 315 L=,
NATIANOTIRA 2%, SATADOHFIARZ—F—_"—% A, BT 12 B2
FEHT 2T AR E T, RROBAZYSTZOIZ, HAZA Y DI 8D
HADBERLEN, ETENFHT L DAL TIANOEHORPEIX, T He fii & FC

RN BATo T2,

223 AFEOFAMORIE : REMBEOEBIRITIIAR#OE=F) 7
%5 3 LI TH S P. chlororaphis subsp. aureofaciens ATCC 13985" % i\ CE T /L3
BRE1TU, 0,0 CO, NO OEEIZHWE GC/MS ¥ AT Axiiis L, < OAa %M % GE
L 7z, P.aureofaciens ATCC 13985" Xl 25 D F &AW & L T N,O =43 5 (Casciotti
et al. 2002; Firestone et al. 1979; Matsubara and Zumft 1982; Sigman et al. 2001) , £ P.
aureofaciens ATCC 13985" % 120 ml @ 7' F /L = L2 THE L7231 7 VIZ A7z 80 ml

DWRAEEEH DO T, 23 °C T—HutliH S 70, AR IO AT Difco™ Tryptic Soy
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Broth (Becton Dickinson, NJ, USA), 10 mM KNO,, 1 mM NH,CI. 36 mM KH,PO, T& %,
BERIIA L — T —N—C Lo THB LN BT 72, k. TORBBREBEED Ag
=001 £725 L 9I2, 7T F AT LR THEM L 120 ml O34 7 LF 0 80 ml O Frfif 72 ik
REEHUCIRIN L7z, 2V P2 HNTASy RAR=Z 15 atm (2725 X 9 I K&K 2
ZTMELTe, TD%, ZOREKRE AY —F—/"—THHELRN | 23°C T 48 IFfH
B LTm, £ 4B EIC~y FAR—2ZAMNE T 2% 200 Wl #-HL L. % B GC/MS 12
WMAL, ERROFIEIZED 0,0 CO,. NO ZER Lz, EIMEOHAEZ | HRIKRO%E

B (Agy) PHIEICLDE=XY) T LI,

23 fERLBE

231 9FED T A D FEERH

9fEDH A (H,e N, O, Ar, "CO, "NO., CH,. CO,. N,0) NbHRDIBEN A%,
Ny 7 770 RHAIZHe # HWTIER L, GCMS ZHWWT, 9 FEZNEILEZ DR
FRipfE & B BBkl (mass-to-charge ratios: m/z) MO RIE L7z, B LI=ZHhEFh oA
AMEDA A Ff L Z 0O m/z Z Table 2-3 (IR T, 9MEATADY A0~ 7T Lz
Figure 2-3 @ (a) 7*5 (i) IZ H,o N,, 0,0 Ar, "CO, "NO. CH,. CO,. N,0 DJIHIZ/R
T AHFIED GCMS v AT LT, CO & NO OB O a8 2 BAFEICRFES D720, %
EFNARTT L L7z "CO (m/z29) & PNO (m/z31) &M, FERMIZN, CO,
NO [ ZERFFRE O K o Tl S vz 23, M) "CO (m/z28) & “NO (m/z 30)
IZ N, D "N-"N (m/z28) <°"N-"N (m/z30) O —7 L&ERDHAREMNENE X LT,
ZD7h, COENOMBN, LB CETNDZ L AR T 572012, P"CO (m/z29) &
BNO (m/z31) ZMWi=, fER L L, Figure2-3 IZ/R L7z, IRAH AT DOLETD
AR & RFFRERC S A A ETX T T T A A F D miz fEIZ K- THME —

7 ELTHHT DI ENTE,
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FROREIZEL, WS ODOEERPHIT oD, FlziX, BEoOT A (H2F
N,. O,. CO, NO, CH,) ODORFFREHIZITEL TV D, TD7dIZ, FFED T AFED R
FERmWE ZITIE, GC I KD 0HED A TIER 2 % T AR LD v — 7 M3 EH 72 5 A HetE
DD, TDEIRGEITIE, B TFAT LBV DD T T T A M A A
R =2 ) VT T HMERD D, BIAIE, CH & 0,7 GCIZ K D7D H TIEA
DE—I NER>TWDHEGE, CH,OS A4 Thd CH (m/z16) 1, 0,077 7
AV R A2 0 (miz 16) DIFIEIZ L > T HME—27 L LTRIT D2 &N TE 220,
ZDEIRGEITIE, 0,00 Emiz1IS DT T T Ay AT PRAER LR & EFIH
LT, CHOT7 T 7 A bA A, CHY (m/z15) bIFFICHET 2 Z & T, CH, %A
ETHIENHEKD, GCMS L5 3 T Tl 25 [ AE &34 (isotope ratio mass
spectrometry: IRMS) & (TH7e 0, < O miz [BEFIFHCE=X ) 7 T&H I LNT
X5, T, A AF UMW DD T T T A " F b= XD U TT D
T LT, EMRRENFIREL 2D, HAFD B D2 WITHME— 7 OO0 %
DDA T a L LTI, Fv U7 HADWEE TIFDHZ LT, GC B —7 Dortne
FEFLZERFETOND, £l MEMORBMAT A ZE=4 ) v 7T 555101F, &
BICREFRMNETT SV EINTACLEMER D Z LT, ERTDHADG A 7T T R
YA F O miz RO AFEEERLRNEIICT LI EbERERF T 9 T
H5,

RBFGED DT T m—F 20D 2 & T, MAEMORBITAERR - HE SN D EE RN
Az —FEZFET D Z LRI R o Te, —EOHTRRIL 25 min TH Y | BEENSE
D GC ¥ AT LDOSHREH & i L CRI%EH 5 WIEE LW TH S (Hedley et al.

2006; Sitaula et al. 1992; Wang and Wang 2003; Yoh et al. 1998) |

232 BRHBRRA L T OFA T Iv LY
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H,. N,. O0,. CH,. CO,. N,O Ok HES (limit of detection: LOD) % [EFSHIE - Jis H
{5384 (International Union of Pure and Applied Chemistry: IUPAC) ##E (Long and

Winefordner 1983) # W CH I L7=, LOD OHEER Ik DmY TH D,

LOD =k xsd/m

ki B ZRD D720 7 7 7 Z— ([FHKAE %L EE LT, k=3)
sd: FR7EDIEUE(R &

m: [BJFERROM &

0 AFRD EVYFEH L, Table 2-2 (2R LT2IRE D 5 Bl bIKIRE D 3 DD 2 % Fv
THER L7z, & H AFEOENFEA & F i S 472 LOD % Table 2-3 ([Z7" 3, 43FA A4
KT DT T A b A A OFREIIEIFEHROBE 22 5FHH L, Table 2-3 12 L7z,
yHIRIZOWT, N,y 0,72 EORGHFITEWVIRE CTHET 5 W AFIZBWTIEDEA &
S TWD DL, FFHET 2 DAFGRFNOAVERREO AT A DL« MARFIZ BT DIR AN K E

ELTWDLEEXLND, —H, b N0 R EDOKLATITIEE A ETFEL TV
WHAFEICBWC y I BADEE & 5 2 L2200 TIE, BT AERIE O BRSO
TehEEZ N5,

BTDOH AFEIZ DUV THERR L 72 #EfBRIZ I T 0,0 CO,. N,y N,O, CH, /& 20 x 10*
ppm (=20%) * T, H,i 100 x 10* ppm (=100%) ETHAREE L E—27 U T L DR

EARMENTF B 7z (Table 2-3, Figure 2-4) , TUPAC #£4E (1997) 2B\ T, A F

IV LU VEARARE LY -7 ) T O CEMRBERIHER S5 RRIRE & LOD
DL LTERIN TN D, BEAAOBENINTZF AT I v 7 LTV % Table 2-3 (T
R, ABFFRIZEBNT, Ml#EE (08kV) &V U T VOBEABEEZRET HAT Y v

e (30) 1% CH,. CO,. N,O % 5ppm LA T35 20% F CTO LV CRIKHZHIE T 5
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KR E LT, Sppm A TF B 20% £ TO L P THIE TENIE, 3L A EDAEY
DEEBERICHIGTELENLTHDH, £72N, 0,220 TH 70 ppm 5 20% FE TD
LU THETE D720, AEMOR CTEMR - HE SN D EE R T AMOEEL —
WE=Z VT THZENARTHD, KVIERWREDO T A ZR[ET 25511E., it
wEELY RIS, F23 ATV v ME T, AT L~DBAEL LIFHZ LIk -T
BHRA L T T2 b TH D, X, RHWEELZ 12kVICET, 27V >
MEZ 102 FIF5H Z & T, R&AHF D N,0 (310 ppb) Z #4252 &3k 5, FIEEIC

27y MEEESBIC RS BT L~DHEAELZTTHZ LT, KV EIREOT A% E
BTOHZENAMMETH D,

H, D HEE 130 D H ZAFEIZHASN TR, ZHIEH,D 7 57 A T —3 g RN
m < REDBH (mz DIZR 2720 EBE 2 65, miz 1 IEARMIETHW - GC/MS D
Ty N7y T TIEMRET D 2 E SRR (Table 2-3), L L, B OEHEEBRTHDL
N5 KBV RAICARIFFED Hy D LOD L Y &\ 729 (Aguiar et al. 2004; Boga et al.
2007; Cadillo-Quiroz et al. 2008; Hetzer et al. 2008) . H, DR HIEE MKW Z & (X GC/MS

DAMRECEBEEZE X W EFZZ6ND,

233 RN 2 79V RTARTARBEEZKIETE

N 7 T T RHANT AR RIETHEEREET D720, Ny Sy 7 75
V2 REHe Ny 7 7T 0 RO O, DI & ik L7z, Figure 2-5 12”3 XK 51

He Ny 7 770 ROHEN, Ny N 7 7500 RIZH_NTRERBEEHHELN, 0,0

BHEREE DRSSV, RO LI ICEHATE S, (1) 2Bl 7 51281 2 N, DfRE
X0, oFENEFEHEL TS, (2) T, IFEFRFFICA A AbF ¥ A= ZHEHA
ENd, 3) HRIPTERED N, DFIEIC L > T, 0,04 F A3l S, A A4

{3720 O, R SR U 0 I IR R ST 5
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L7z o T, BlRIX 0, RCO DX D7, RFFIFHIN ANy 7 7T RHZX (N,) D
TRFFRFIE L THE L TV D L0 R W AR A JE T 256 11X MER A ER T 2720 0
BT ZNZHONWTH, Ny I T I RH A% NIZTD0ERD D, £2FERIC
I T T RTARN U TH-TH Ny 7 7T 0 RHRATERETHH720
Ny P TITT RHADE =7 DT — U 78> THIES 5 1 ATEO R B DMK
TITLWREND B D, 1> T, MEMEZIERT 2 72D OFEET 213, EEICHIET 24

YTINDNY I T Ty RHRAER=OHATERT 20BN D 5,

234 BHEMEOTARFPOE=FY 7

AHFFEDOL R GC/MS ¥ AT A A EZRFTT 5720, BLEME Pseudomonas
chlororaphis subsp. aureofaciens ATCC 13985 DE;E KD~ K A~X—2Z D 0,, CO,. N,0O
DIEEAL % A8 Wil ==X VU > 7 L7 (Figure 2-6) ., #@E OHHE & PLzEiEMENS 3 o
D7 == bz, Thkb, (1) iFRAEFIRE, (2) —FRERY BRI RRE,
(3) HKAEBIRED 3 HS>TH D, ZOFRERILIASLNIT, P.aureofaciens ATCC 139857

(TIRFE Y PNIIBHR R ZAT O 3, ~y RARX—=2AD O, REN 10% % TEIHIZ-247TC,
TEEERERICEI D B2 D Z L 2R LTV D, &0 DU, fEEERE 0 BR bA 1A O HE FE &
HE) L TR LT, T LA—RFR RO AR Sz, 2O X I RBEE T &Y
ERLTEMZEIRIT E A E 7, RIFZEICIRNWT, SEEHERD T A, ERSND TR, F
TR OB AE & R ICIE S D 2 & T, SR OB FEREIC /20 5 5 P.
aureofaciens OMERIZRED Y)Y iz L BAHRIZ BT 2 BURIR W BIR A Bl Sz,

ZE OB ICE T B AP DIE & A SRS D D VIR S
TTITbi (Zumft 1997) | R BHS. &5 WIEZ DM LW 272 O, i Dkt 42
{23 B 2875 1 (Kester et al. 1997; Kornaros and Lyberatos 1998; Molstad et al. 2007; Otte et al.
1996; Thomas et al. 1994) At DHAM D 7 A /L (Kampschreur et al. 2008; Yu et al.

2010) I RIETEICEET 2 A EM IR O N TS, FOERFKO—20F
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O, D IE « A A ZFRIRFIZE =2 U 73 5 1O Ow LI -8 72 0 Hr FE A
ROENTNDZDEEZBIND, IR BRZR ED O IREITMEM DT A 7 X Z A )L
F-FNO A WERBR A ESIT S ERERD—>TH5 (Brune et al. 2000; Megonigal
etal.2004) . AMFIE TR S 72 T AREH T O R & Il RIS AEY O EBLFH 5

(TERFZDESBEDOHINCRE S RIZIESDEEFEZDND,

24 HEWw

KR GCMS ¥ AT L& AW HTEDOENIIZ K-> T, MAEMORBITH LD T A
ICEMDIZE AV EERRIRFIHITT 2 Z ENnFREE o7, Lvh, 250 CERERARET
&Y (Figure 2-2) . £/, REENDENWST AT Iy 7 LUV TORENATREE 725
7= (Table 2-3, Figure 2-4) , F7=, HAE A% He it THEVY, T ADEIE He it D
HCITH 2 & T (Figure 2-1, 2-2) . H ADOEFID 2 W ITEAREDO KK DIBA & B L |
N, R 0, 12OV T HREBRICHIEST D Z LN A[GE & 72 > 7= (Table 2-3, Figure 2-4) , Z O
BB GCMS ¥ AT LA FEFRD I 72 B3 RO A ARG 78 & Ol A4 1
MRIZBHEHTE D, I HIZ, WEBFHE~OSI LR HFIHE LT, BERMIKEH
Wiz b b= —iE L D T LT E IR AR AE M RESE O AR I AR B 8
JERmA LV GR35 Z ENATRE L 72 D, ZOISHBIO—D L LT, RE TR~
IR CIE, TP O AR EROERZERNMKLOREEN & LT, kst
P. chlororaphis subsp. aureofaciens s ATCC 13985" & I T N,O IZEH# L, =D N,O D%
FLRERNARLE (PN/MN) %2 ZO%E GCMS ¥ AT A& HWTHIET D Fika iy L

7':,
—o
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Table 2-1 Operational conditions of GC/MS

Injection Split ratio 30
Injection volume 200 pL
Temperature 100 °C

GC Separation Total flow 61.3 mL/ min
Head pressure 38.0 kPa
Column flow 2.03 mL/min
Linear velocity 56.6 cm/sec
Temperature program:

_ 100 °C/ min .

50 °C (2.5 min) —> 110 °C (0.2min)

MS detection lonization energy 70 eV

lon source temperature 200 °C
Interfece temperature 250 °C
Detection voltage 0.80 kV
Analytical mode SIM

Table2-2 Concentrations of gas species prepared for standard calibration. All of standard gas
preparations listed here were quantified successfully, except one marked with asterisk.

Gas

; Diluted gas concentration for calibration (ppm)
species

H, 10.8x 102 26.9 x 102, 563.5 x 102, 63.6 x 103, 12.1 x 104, 21.9 x 104, 100 x 10 (=100 %)
N, 541,10.8 x 102, 26.9 x 102, 53.5 x 102, 63.5 x 103, 12.0 x 104, 20.6 x 10* (=20.6 %)

O, 541,10.8 x 102 27.0 x 102, 53.8 x 102, 64.2 x 10%, 12.1 x 104, 21.0 x 10*(=21.0 %)
CH, 7.2,57.3,287,529,26.7 x 102, 63.8 x 102, 12.3 x 104, 21.7 x 10*(=21.7 %)
CO, 7.2%,57.3,287,529,26.7 x 102, 64.0 x 102, 12.0 x 104, 21.0 x 10*(=21.0 %)

N,O 7.2,57.3, 287,529, 26.7 x 102, 63.9 x 102, 12.1 x 104, 21.4 x 10* (=21.4 %)

* peak was too small for m/z 28 of CO, to quantify at this concentration.
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Table 2-3 The linear regression equations, estimated limits of detection (LODs), linear
dynamic ranges and relative intensity of fragment ion. The three lowest concentrations
quantified were used to obtain linear regressions (n=10 for each concentration).
Correlation coefficient, R2, of all equations was approximated to 1.00.

Gas lon Equation for LOD Linear Relative intensity of
species species standard curve (ppm) dynamic range fragmention (%)

5 2 H,* y=0.2x-34.0 335.9 3.0x 103 100
5 28 N,* y=49.1x + 4469.0 60.5 3.4 x 103 100
14 N+ y=1.8x-320 81.8 2.5x 103 3.7
0, 32 O,* y=36.9x + 1522.7 69.6 3.0x 103 100
16 o+ y=1.4x+ 141 79.6 2.6 x 103 3.8
CH, 16 CH,* y=21.2x + 3.1 3.3 6.6 x 10* 100
15 CH;* y=17.4x+ 3.3 3.8 5.7 x 10* 82.1
CO, 44 CO,* y=74.6x + 61.3 5.1 7.2 x 10* 100
28 CO+ y =6.2x + 93.7 29.2 2.8 x 10* 8.3
N,O 44 N,O* y=52.8x-17.6 2.2 9.7 x 10* 100
30 NO* y=14.0x- 0.4 5.5 3.9 x 10* 26.5
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s septum injection port
gas sample injection
via 8-port valve) He (purging gas
( P ) (purging g_)’ m—> injection port purging vent

split vent
-~ gplit control valve
injection » | P
port (A) GC MS
] ion quadrupol
4 ’ pvent source e detector
[ L
W
sample sample Il R
loop 1 loop 2 column
(50 ul) 5 ul)

. He (carrier gas)
He (purging gas)

Figure 2-1. Schematic diagram of the commercial quadrupole GC/MS
analytical system modified in this study. Gas samples were injected using a
gas-tight syringe via the injection port (A) into one of the two sample loops
fitted to the 8-port valve (B). The injection port and the 8-port valve were
enveloped by He flowing in the surrounding jacket to avoid contamination
with ambient air. Once the sample loop was filled with the injected sample,
the valve was switched and the gas sample present in either of the sample
loops was subsequently loaded on the streamline and conveyed by the
carrier gas stream into the GC separation column. The gas components of
the sample were separated on the separation column and each gas
species was detected by the specific mass-to-charge ratio in the
quadrupole detector.
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Jacket covering inlet
Loop 2 with He stream

Inlet

Loop 1
(25uL)

Jacket covering valve channel
with He stream

Figure 2-2. Picture of modified injection port and 8-port valve. Injection port was
consisted mainly of an inlet and a jacket covering it. To avoid contamination from
ambient air, inlet and 8-port valve were covered with He stream. For measurements, a
200-ul gas sample was injected using a gas-tight syringe from the part, (A) in the picture
into either a 25 or 50 ul sample loop. Between sample injections, the injection port and
the two sampling loops were flushed with ultrapure He as described in the picture.
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Figure 2-3. The mass chromatogram of a mixture of nine gasses species; H, (a,
m/z 2), N, (b, m/z 14, 28), O, (c, m/z 16, 32), Ar (d, m/z 40), '3CO (e, m/z 29),
NO (f, m/z 31), CH, (g, m/z 15, 16), CO, (h, m/z 28, 44), and N,O (i, m/z 30,
44) in a He matrix.
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Figure 2-4. Standard curves on a double logarithmic scale for the estimation of dynamic
ranges for H, (a, m/z 2), N, (b, m/z 14, 28), O, (c, m/z 16, 32), CH, (d, m/z 15, 16), CO,
(e, m/z 28, 44), and N,O (f, m/z 30, 44) in a He matrix. The square of the sample
correlation coefficient, R?, of all the regression lines on the double logarithmic scale were
above 0.999. Ten replicate injections for the three lowest concentrations, and four
replicate injections for the higher concentrations were carried out.
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Figure 2-5. Standard curves for the O, concentration in He and N, matrices.
All data are shown as the mean of n=2.

93



25 : : 0.6

93 (1) Po(2) (3)

@ ' 0.5
(@)

8 0.4
&

B 0.3 <§
2

= - 0.2
[ -

S

2 0.1
=

8 0
[ -

Q

o

time (hour)

<%0, -8 CO, -4 NO -* A

600

Figure 2-6. Concentrations of O,, CO,, and N,O in the headspace of a
rubber-stoppered serum bottle containing a culture of P. aureofaciens in
10mM nitrate-amended medium. The gas concentrations and Ag, of the
culture after a 48-h incubation period were 11.5 + 0.0 % for CO,, 10.1 %
0.0 % for N,O, 0.05 + 0.01 % for O,, and 0.51 + 0.01 for Agy,. Error bars
represent the standard errors of means (n=3), although some error bars
are masked by the symbols.
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BIE GCMSZAWVWELEFOERILEW D NMN OH|

EE DHESL

31 #E

TR B ClIkk e R ER AR T 0 ANRFFRIIT L TR Z 5, Z D7D EHEOENRE
SR AT T A 7201201, TNFD 7T o ADEFE T o —FE O K 721 E 25 R A]
RThD, EH70—OREDOREICIE, RN DERZERME (PN) BHVHH
TRV, ZZTEEETOEROLERNMAKL (PN/MN) 2 ICNET 20LERH D,
Z ZCARBEIZERBR T DR Tl I ST WEEIEST A FE (1RiER) 12, 5
2 E TR L2 R GCMS v AT AZflArabE D ZLild» T, HEPo=ERILE

P PN/MN % D RERE I IE 3 D L& B T \HEsr LTz,

AR (B 1%, B7var 14) O@EY, TR CEERRERITA RN & FRFICHE S
hNoizd, FEO7a—0WE (HOBE, BEE) I7—10 1 X (RE) ok
DRI 2HE (R oBE, MsE) K&, 2Od HEROERER T 7
TRIXERT D —DORIEEICS L OSWTIIT T 2L ENH 5, FICMbzpBlic s 5 L.
AL AR OBREE 1T, fHEE D 7 — LW A XCHIAH IR EE Tl 72 < | MR IE LI pek =
D, TOTDLEFFEDARRREEEZ I ST 2 720121E, BiHbEEZ M D Z
EDRRARTH D, TiRDOHLWEIEERNIE, AW EBIEOME bR THER T 0
—ORIEEOREITHEFICHETH D,

PN ORI, BHF 70— 0OREELHET H0DBN 20Ty — 1 Tho, Zh
FTONZHWT, L8R o CR b O ROE EERIE 2317141 C & 72 (Davidson et al.
1992) , HAREYIZIZ 15812 PNH,S° "NOy Z Uil L, NH,*X° NOy; DJRE & PN/MN D BAL

720 OB D EZRIH L TE 2, TRbbREEOHIEIZIT, HEf o=
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FLEW D "N/UN 2K HET D MERH 5,

EZFEYO NHEIZHONT, ZRETEZLOEBEPMTHONTEL, LirL, WE
A ZEDGHATRITEMETH V| R IE &2 (E (Isotope ratio mass spectrometry:
IRMS) @ X5 REflizg pirdsiE 2 mEE L35, Z0kd, WMAEMEME L L TAERY
()« BRI SR 24T D AR & T, T OEEM &I, B ZHET 5 —
Fridmey, £, BREY 7 AomTh | RV T UERISREE Z HIET 5 D0
W TH D, HBIIAE-RRTHLIDZ, —KIZEZL OV T2 R IE L 2F T
T (GHT OB IR LERZ\N) . £ DT DIEMER TR, STIcZEO%ER (7
b EO HIEMNIK) 2 NEETOREEITGE LRV, £ HEN D OEHEL
B OHIIZITIE R 2M KC1 = 0.5M K,SO, KA V5 728D | e HE i BE Rl i L2 e
LEmHHERRE L S5,

ek, HEMEEPOEFRIEAEMITEEND PN & "N DOl (PN/MN) X Zab o
IbEMERERIC T AREDO N (FIZIEN,) ICEB L7727, IRMS ZHWTHIET 5,
EWVIOITRTHIE SN TE 72, WERIEICE D NH,. NO, . £IAF%E#E (total dissolved
nitrogen: TDN) @ “N/"“N &€ D1TFE % Figure 3-1 I[Z/R”9, ZOITRTINE THRH AW
5T X 7= T diffusion % (Stark and Hart 1996) T& %, diffusion 5% V71T

(Figure 3-1) Ti, HEMHEO £ NH OAZEIL L, HWT NOy Z BT 5,
BRI, MK M KClL 7212 05M K,S0,) #7447 US4 TFIC LT, iH
O NH/ % NH, & L THIRB S, TNE2BEOT T A7 4 v Z —% W TNH & LTH
9% (diffusion ¥£) , NH 23T R THEIUR S 4172 &, HIEREKICT AV X582 A,
THERh i T 0 NOy 2L #AYIZ NH i T L, £ vz B diffusion % TR %, TDN
DA T, @l & OKIGZ LY, T @ TDN % NO; I[Z/bFRIC Rk
L. 77UV FE&IC KD NHANZEIS L7, diffusion ETEINT 5, NH & LTER
ZHUEL S ju7e, HEERH# R O NH,, NO5™, TDN 1, Jt& /T2 (elemental analyzer:

EA) 1% IRMS (EA-IRMS) OFTEREEL T NLICT L2, D BN/“N % 2N,. ®N,.
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N, DIk > THET S, Lo L, diffusion & & EA-IRMS O#AADEIZITNL D
MOWPE EORERRH D, Hlé LTHRD (A) - (D) 2%1F 5,

(A) i o NOyd PNMN ZHIES 5 72DI12id, £ ORNS NH &2 #iH i 2 5
diffusion JEIZ X > THEIN L TBL MERH D, £D72D, NHSDOEINAREETH
E, ETOMEICKRERBRELLGZTLE D,

(B) I, FFICT VX ERIFIAMP & L TEFREBZATEY, TORWVWERT 7
7 & B LT XV T 720 (Stephan and Kavanagh 2009) .

(C) BMKAERYTHD NyIIRZDOERD TH D72, DHRFICKZ SO N, DIREA
WCEVHEREMET T2 U X7 08@m0, £D7H, FHEIC o T 57oicid, ¥
VINDEFZBEEZHIIINCEL S IRMS T v A7 DMIBAT H0ENH D, £ D7
DOIHTITIEZ < DEHE (eg.60 pg-N), T2ROHLEZ OMPERNPMLEL S D,

(D) < @ IRMS (T AR ZEFNMAK LR E T 7255 0.366 PN atom% (N atom% = 100
x "N/ (MN+PN) (%)) FREEZ DI, i "N OZLH) (213 0.363 N atom%
& 0372 "Natom% D7) ZRET D7D SN TWD, Lol MdlEix, -
BIZPN 2Nz CTHIET 272018, 2RI TEZED "N 0oZ£H) (Fl %X 10 "N
atom% & 30 "N atom% D7) 2 5, Z D7D FEHEHEIZ IRMS Z W5 & |
28D PN NIRMS IZEAIND 7%, IRMS Ofitigs (7777 —h v ) i’
L THIETE eV, 20846, Mo "N/MN 24K T 2 (PN atom%% Fif
%) MLEPAEL D, HETOEFRILEHD "N/MN OFRIL, ZOEHFEILEHD
UN 2RI AN 7T 2L TIT 9. LU ZED K D I AL 712 82D PN/UN
DAL, EEATRENEMEICR DT TR, RERBELADARERSH 5,

CTHLOMESEEZH IOV oA Fa bR ENTE 2

(Risgaard-Petersen et al. 1993; Stevens and Laughlin 1994; Christensen and Tiedje 1988;

Sigman et al. 2001; Stange et al. 2007) , Z®HT% ., Sigmanetal. (2001) 23BHZFE L 72 hi=

EET ERLD (A) - (C) 27 U7 L, ERENTONY RN IR ESIRITIET
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&%, Sigmanetal. (2001) 1%, 773V F 54810 L D& ILE L O diffusion JEORD D 1T,
22 2 VT NOy & N,O IZiE e L, £ PN/MN % IRMS & AW CHIET % k%
N L 72, NO I RE P DREN/ NS WD, KEDDDIRAIZEDEEITIFEAL
AR

L2 L. Sigmanetal. (2001) ®F{ES . MED "N OZBZHE T 5 HAJIZHIE S
ZHEETH D, DED IRMS 2T 572012, ERofES (D) 13RS Tn
RN, B, I TAF NT TR ED T ARMED T2 O OFILIRZAT 5 T2 DI 3 E
METH D, 16> Tham BERINE EITRO S LR DU RENPLETH DL, LD
§ 2 mTARLIZBERE GCMS v AT A& WL, BAEITHRRTE 5 AR &,
GC/MS ¥ A7 A%, N,O O HICHTLEE 2 MEL L 3, £72 N,O OJREEREITK LT
10°DFAFT Iy LrYanrd (B2, i, PN atom%IZkf LT HIEAV L
Y725 0.366 PN atom% > B 100 PN atom% COERNAIRETH H Z E N PRI
Do

Z 2 CARETIE, DR OER T v — ORI E O 22 0 EIEORENLO T2 D12,
WD "N OZB 2 JIET 2 HENSEFERRE SN REFEST 1 Rk (#Rik) L5
QET/RLTEGCMS v AT LEfMAGHLED Z LT HEPOAI#ETESEF (NH, \NO;",
NO,. TDN) @ "N/“N ZfliE1 ORI HET 272D Dotk d 2 2 & & HiY

L7,

32 HiE

AL DITIEZ Figure 3-2 I~ d, 2O A7 ATV T, NH, NO,, NO;,
TDN OWIEA 0366 PN atom% 7> 5 100 "N atom% £ TH L > P THFEEMNE 5, T E
NOEFLEWD 2M KCI £ 7213 0.5 M K,SO, Z H W TYERR L 7= = HE AR 126k L C i
L. BEtL7z, 72, GOMS IZZNZEFNOEFILEWH D "N/N O FH7e & TR b R

ICHETELEBADLND Z 0D, REDIEERIICOWTBIER L. [FEROMRE %
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To72,

HARMIZIE, NHAE, fiEiE2 5 diffusion IEIC L - TR L (fhik: 32.2), idffkHE
LRI L > TNOy ~ &b L7 (#23k: 3.2.3), TDN iE, i@FiELER{LIEIC L > T NOy
~Em b U (#2i:3.24), TERIEDHHTATRE (Figure 3-1) TlX, NOy B X' TDN %
NH,*& LTI 528, ABF5E04TH: (Figure 3-2) TlX NH,*3 X OV TDN % NO; (248
il 72, NO;yB LW NO, & L7z NH,*, TDN [ZZnLh, & 2 mCTHWI-MZEE P
chlororaphis subsp. aureofaciens ATCC 13985 % H1 T N,O IZi& c L7z (f23k:3.2.5), N,O
& L72 NH,. NO,, TDN #Z NI, GCMS ¥ AT L% W TEE L PN/N O [F
ERZATo T (Bih:3.2.7),

Flo, INETOREEREEICENTUIEAERREEINTZ R o7 NO, bxf
L LT D720, NO; D PN/MN OFFEZRRIEE DML Z His LTz, NO, X7 bk

E DN L 0ALFRIC NO 12 e L (#ak: 3.2.6). Z @ PN/“N % GC/MS ¥~ AT A

<,

ZHAWCTER L (Bih:32.7),

321 REWPER L CRAMMEL (PNMN) B2 H OEREER O IEK

—EANC, LT O REREEZOMMICIZ 2 MKCHERBS AW LD, TDH2M
KCI1 &% % VT, NH,*, NO,, NO,”, TDN OIEMERE B L1z, 7=, —fmI,
TIEBAY S A A~ ZAEFROWPEITIL 0.5 MKSO BRSPS HW LD, b 11K
W SA F~ AEFEIT, HHEE 7 v o RV AEAT DRI 0.5 M K,SO, 3K Thllth &
NIz HHEF O TDN OZENO RSN D, D72 0.5 M K,SO, %k % AV CT, TDN O
FEYEVRIR & AR L T2,

PN/MN JIEFIZ 037, 10.3, 202, 49.8, 99.3 PN atom% DAEHEE K 2 . P FEEHIE M IC
0. 10, 20, 50, 100 uM-N (NH,") F721£ 0, 100, 200, 500, 1000 pM-N (NO;", TDN)
DEEHEHE & B L 7=, TDN ORIED 7= 012id, AT L LT/ Y v v EHn, B

FEYEYRIZ 1L PN T~ s =2 F#Z kA% (NH,Cl, NaNO,, KNO;, 7' U v > 993 PN
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atom%; Isotec Inc., OH, USA) % fl\ 7=, ZDOfthdiX3K|X Wako Pure Chemical Industries
Ltd. (Osaka, Japan) DO#GZ H\ 7z, ZHTIfEH L7z KCl, MgO, K,SO, ZIiFAHi
ELTEZENEENTND2DI, AN 450°C T4 he 8T 5H T, RilimoEFR
AEEISE, MRS L TUEDBOERT T v 7 H RS HTz,

IS OEMERE ZHWT, LT 322327 2{1- 72,

3.2.2 diffusion ¥(Z & 5 NH/DEUX (Figure 3-2, Diffusion to collect NH,*)

2 M KCHF H O NH, T diffusion 12 & - TEUX L7z, FIEIZLLFO@EY TH 5, (1)
T NH, "AZ T v I T 572007700y 7 E2ER LT-, 2, T A7 4
L4 — (GF/D, 1 cm diameter, muffled at 450°C for 4 hr; Whatman Int. Ltd., Maidstone, UK)
IZ2M H,SO, % 20 uL i F L, £ & T AZMMEDOT 7w 7 —7 (2.5 cm x 5-6 cm,
#7221880; Sigma-Aldrich) THEAT, KL THD NH;OANT 70T —FZiFilE L,
BRIEDHT T AT 4V H—IZL->T (NH),SO, L LThT7 v 7 ENDHENIEMHATH
%o (2) %V T, 10mL O NHMEERIR 2 S8 EE AR Y = F L 7R )L (60 ml, NL2114-0002,
Nalgene; Thermo Fisher Scientific K K., Yokohama, Japan) (ZA4L, & 27 722/ v 7
A, MgO % 003 g Mz 7z, AN MVTTIZEZEICHADIZ, MgO ZMZ 5HTHE
WX T A7) S0 | BT O NHAE NH, &2 0 %35, (3) 2tk 37CT

1A o Fa2_X—=hKL72%, NH3# T v L7 7oy 7 &#REIL T,

323 NH,/® NO;~D @B/t (Figure 3-2, Persulfate oxidation of NH,* to NO;")
N7 w7 U NH %, i & ORISIZ LD NOSICE Tk Lz, FIHIZLL F o

D Thsd, (1) £7 NH % NOyIZ E TEAL T 5 72 (23 i Be Be b 5K It
(Persulfate-oxidizing reagent: POR) % Ej% L 7=, POR (%, &8 7K 100 ml (Zx} L T, NaOH
% 152g, K,S,0,% 5g. RUBE%E 3g M CTIER L., pHiRBR CpHIR EECTH L FH A

R L=, (2) WIZ, 778y 7 HO NH ZEHSET2, 34hbb, 7 71m 008
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v 7 W LN R CRE L, NHY),SO, & LT R T v LT AT 4 VX2 —%HL
DL, 14 mloRCAOHT ZARERE  (71-063-006; Iwaki, AGC Techno Glass Co. Ltd.,

Chiba, Japan) (Z# L7z, BBRE 1C 2 ml OZRKZ AL, RLAFY v 7 (71-028-004;

mﬂ%
5l

Iwaki) Z L&, 10 0REKET HZ & T, NHSZHEH S 72, (3) WV T, 7
2ml @ POR ZiBRFIZANL, T <ICRLHOFy v 7 2EIC LT, ZORBREE 121°C
TI1HH, A= 7 =TT 52 LT, NH 2T T NOyIC@B{b Lz, A— 7
L— 7T, WO pH N 6 FREIZ/2 > TV D Z & 2R Lz, BB IXRO G £

T 4°C CTRIFLTZ,

324 TDN ® NO;y~D@HhiELEE{L (Figure 3-2. Persulfate oxidation of TDN to NO;)
2VR1F%% (TDN = DON+ NH,"+ NO,+ NO;) (22T [FAERIBAREE & O SR &
> TNOyICETHIL L7z, 7 2M KCl 35 XN 0.5M K,SO IR CTIERL L7277 ) o AR
YEVAUR 1 ml Z3BRE IZA4L, POR % 2ml X 72, Z D% OGN 5 NTITRIT A

TNH/ R OEGE LR TH 5,

325 BEWEICL D NO; O NO~DET
(Figure 3-2, Reduction of NO; to N,O by denitrifier)

NO; 3 LUV NO; (2@ L 72 NH,* & TDN Z Z N E AU EEEIZ L > T N0 I[ZEI L
oo FIRIZLL T O®EY ThDH, (1) £79, NJOIRILEED 72 WILZETE . P. chlororaphis subsp.
aureofaciens ATCC 13985" % Casciotti et al. (2002) (ZL7=N->THE L1z, 77205 120
ml D HZ ZA34 7 L (0501-09, vial No. 8, Maruemu Corp. Co. Ltd. Osaka, Japan) (Z55#8 %
100 ml &2 Adv, 7FNITLRELET I — L THEML, 121°C T 1 RHEA— 7 L—7
WA U 7=, BRI OFLIE Difco™ Tryptic Soy Broth (Becton Dickinson, NJ, USA) . 10 mM
KNO;, 7.5 mM NH,Cl, 36 mM KH,PO, TH 5, ZDOEEHEKIC I TEHNT, FLT
FHLAR D FEHC 6-10 B IR 2E L 7= P. aureofaciens ATCC 13985" D58k % 1ml N L 7=,

6-10 H (B8 H D NO, BT N,O 1272V | P. aureofaciens ATCC 13985 23 fILAKIK fE &

61



727%) 265°C THrERHE LT, (2) K14, NO, DAERMN 2N Z & &l EaREIC LV il
L., = (9600 x g, 10 min) (2K > CHEEEEZ 6 (FI2RME Lz, 3) T, '
i L72B5 8% He T/8— Y L, I LTV A N,O 252 R0 RV 2, (4) D0k
2 mL % 20 mL D5 Z A,3A 7 ) (Autosampler Vial, 20-CV; Chromacol, Welwyn Garden
City, UK) (37 EL7=D L, 7F /LT L (Anaerobic stopper, Kanda Co., Tokyo, Japan)
ETNVIF Yy STEM L, I E I BT 30 /7l He THENR—YT5HT, A
TIVHED 0, & N OZT_XTHe CE#H L, (5) 2212, NOyBILONOSIZ@{L L7
NH, & TDN OEHERE Z U 2T 1 ml AN L 72, ISITEIZIRINAT & RN OE S O
MG, HETHEE L, (6) WL, A T EA—"—F 4 hTHEL, NO; &£
TNOIZEITE LT, (7) Kgt, 6 MNaOH % 03 mL >V >V CIRINL, @ L7z,
ZOBEIIREIC L > TRISZEIESE D ERIFFC, BRKET A VT 5720
SAHF D CO, ZRMICIEF S D, KEZICy ) ar—U 7 # (KE-42-T; Shin-Etsu
Chemical Co. Ltd., Tokyo, Japan) % ¥ 7% LADOREITEHEY | N,O 2331 TN HIKIT T

1T < ArREME & BRAN LT,

326 T WA FEICL D NO, @ NO~DIEIG
(Figure 3-2. Reduction of NO, to N,O with azide)

AT, THETORBEEREEICBNTUZEAERIRLESNTI 2ol
NO, IZOWVTH R ET H7=HIT, NO, D PN/MN O 72 E kO 2 B L 7=,
NO, (X7 # 4 K% (Mcllvin and Altabet 2005) |2 & > T N,O I[Z#& 7t L7, 372> 5 HNO,
7 AKkFE (HN;) & DORISIZ LV ALFAIIZ N,O 1T I8 L7z, HNO, & HN; D i

FUTO®EY ThH D,

HNO, + HN; — N,0 + H,0 + N, - (eq. 3.3)

BB, 2ORGICEDAERTEINOD25FDONIZHY B, —45FIENO,ONIZ, &9
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—3F D NIZHN,® N [ZHET D, 72 N,0 DFEERILIN-N-O THH, —FEHDN

IZNO, DNIZ, 2FHDNIZTHN; D —3FDNIZHFKT D, T & OnTRICRT,

HN?O, + HN®; — NP-N*-O + H,0 + N®, -- (eq. 34)

FIHZILLTFO®@Y ThH 5, (1) EFT7 LT U 7L (NaNy) 2RISR TICBE,

HN, B 2 ERR LTz, 725, 20 ml D34 7LIZ2 M NaN; I8l & Sml iz, 7 F

WAL ET NI —VTEALEZ, TONRALTNLE KT 7 FHNIZBE L, Bu\h=—FK/1L

ZEAICHI L, 20% BARRIAIE Sml &2 ) U THRA TIVICTRM LTz, HWNTT A K
S HEEE N » 7 7 — IR & He T 30 0 Lh EX—=2 LT, WIET O NO 0 =— KL%

WLTHELE, (2) W T, HNO, & HN; EDORISICE D N,O 24 S, 174
HH, NO, DIEWERRIK 5SmL % 10ml DA TV Z, 7F NI LEET VI —LT
BEAL, RI7 MNICB LT, 20—V LET WA RSy 7 7 — &I %E 0.3
ml, ¥V >V THM L7 (Mcllvin and Altabet 2005) , 73 7 /L &2 FRPFECMIZIE D | 30
3R 7 NIZERE L, NO,” 23T N0 IZ#E It L7z, (3) & %IZ 6 M NaOH % 0.3
ml Nz, G EAEIE ST,

HN; (XD T ATHLHDHDT, ETOEIEIXZRNT 7 FNTITo 72,

327 GCMSIZ X% N,O OEE L “Natom% D H| &
(Figure 3-2, N,O concentration and its "N atom % measurement by GC/MS)

NH,", NO;, TDN, NO,2°HZNZENAERM LT N,O DIREL L N/MN &, H2 =
TR L7Z GCMS ¥ AT L& FHWTHIE L7, GC/MS ORHEREEIL 1.2kV IZFRE L,
Z DD TSI 2 TIFHk Lot 2 iz, JEX, A T D~y RAR—
AINE 250 uL &2 H A K A R U > (Series A-2, VICI; Valco Instruments) CHEL L., 50
uL OY I —7% @ LT, GC/MS ~HA LT,

REBRTHREIND NODERGFEIZROEY TH D, m/z 44 (“N-""N-"°0) ., m/z 45
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(PN-"N-"°0, ™N-"N-"°0). m/z46 ("N-PN-'°0, “N-“N-®0) &,  FNo6NT7 I A
F—3a &% m/z30 (N-°0). m/z31 (PN-'%0), #Z T. m/z44. 45, 46 DIF
RS FNFNDOREFESWD PN atom% % Stevens et al. (1993, 1997) DOEZ AL

TEH L,

"N atom% in N,O = 100 x ("R +2 x“R = ""R-2x "®R) /(2 + 2 x “R + 2 x *R) -- (eq. 3.5)

PRim/z45 DE—27 VT /m/z44 DE— 7 )T
YR:m/z46 DE—27 VT /m/z44 DE— 7 )T
"R:70/*0  (=379.9 x 10°, Li et al., 1998)

"R: *0/0 (=2005.2 x 10°, Baertschi 1976)

33 MR
331 N,O D4R L B
Figure 3-3 [IZARMFZED GC/MS ¥ AT A TH OB R 22D 7 v~ 7T AEiR
9, Figure 3-3 ® (a), (b) X0, 100, 200, 500, 1000 uM-N @ NO;  (0.37 "N atom%)
ZNOIZEILL, L, o~ E I LTS, (a) 1T m/z44 (MN-"N-0)
Z. (b) 1T m/iz30 (“N-"°0, “N-"N-P'O0 D7 Z 7 A hAFY) BE=HY T LIk
RTH D, Figure3-3 D (). (d). (e) 1037, 10.3, 20.2, 49.8. 99.3 °N atom% > NO;
(100 pM-N) Z N,O lZiEL L, ot LfEonizra~v s 77 58 Th5, (o) 1Emiz44
(“N-"N-'%0) . (b) 1% m/z 45 ("N-"N-"°0, “N-"N-"°0) . (c) m/z 46 ("N-"N-"°O, “N-"N-"*0)
=X ) T LTIRERCHh D, Figure 3-4 12 Fig. 3-3 (¢) — (e) @ 20.2 "N atom%®D ¥’
— 27 OILRH % RT,

N,O (N-"N-%0) & CcO, (0-">C-"*0) 1X[F U+ & (MW =44) o, L.,
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Fi2 B TR LY | RIFED GC/MS 5T v AT JMZHEWTIE CO, & NOIZH AT 1
v T T 7 E S TRHREIIHBEINTEY N,O FHEME—7 & LTHRE &5, Figure
34 12BN TH, CO, & NO IFFEAIZHEESILTWD, £7- Figure 3-4 (28T CO, D
E—27 MR NO OE—Z7 2R TEDENT/NEI 0oL, BEFEEICSWT, &Kz
NaOH Z iR L (32.5), [AHD CO, A EI T2 LTk D,
AR TIX, WEDOZUMEEZT = v 7572012, m/iz 44, 45, 46 7217 T2 <,

m/z 30, 31 HRIFFIZE=X%VU 7 L7, m/z 30, 31 DEFE=Z U 7 TIEIN,0 DERT
T T A M A A NO (MN-"°0, PN-"0) [T END0, CO,DFERT T T Ay b

F2 CcOot (PC-°0, m/z28) ITHH X neu,

332 2MKCI &K T ® NO;. TDN, NH,/DEE I L O N 44

Figure 3-5 @ (a) - (c) 122 M KCI #&EH D NO;, TDN, NH, OZNEINDIEE &
v—7 U7 O%R REOEHREHMHK) 2757, NN OOV —7 U T 35144

(N-N-O) @ m/z 44+45+46 & 77 7 X b A 4 (N-O) @ m/z 30+31 2> HAER L7,
ZDfEE. Figure 3-5 ® (a) & (b) 2BV T, NOy & TDN (ZOW T, #E 0-1000 uM
V=27 U7 (m/z44+45+46 B X N m/z 30+31) & DM TRWEMMERS L (R?
>0.999), Figure 3-5 ® (¢) IZHB VT, NHAZOW T, B 0-100 uM & B —27 = U 7 (m/z
44+45+46 35 LUV m/z 30+431) ORI TRWEMMERSF LN (RP>0.999),

Figure 3-5 @ (d) - (f) {22 M KCI ¥+ D NO;. TDN, NH,*OZIZIDEED
BN atom% & B —7 = U 7 BLEH L7z PN atom% D B4R (PN atom% OFEHER#RY) %R
T, BE—=27 U7 b0 PN atom%DHE X, 5572 N,O B —27 D m/z 44, 45, 46
DT Y THEND eq.3.5 % EIZH M Lz, ZDfER, Figure 3-5 @ (d) - (f) IZBWNT,
NO;. TDN, NH/Z2W T, 0.37-99.3 PN atom% D L > T, EEED "N atom% & & —
7Y T B EH LT PNatom% D H] TRWEMERSG L (RP>0.999),

Figure 3-5 @ (f) @72 LiIAAZKIZ, 0.37, 046, 1.05, 2.54, 507, 9.26 "N atom%?> NH,*
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THERR U 72 BEE IR 22 F O TYERL L 7= PN atom% O 1 #E fh #4597, NH, "1 NO;=° TDN
IZHART, 20 PN/MN ZHEMHEICERT H2OPREETH S, NHAL, N,O ICEHT 5 E
TIZ, NO; X TDN & T diffusion 72 &, KV Z< ORI Z NI L T 5D T, FFiC

Z® "Natom%B /NS W E EFHELWIT TH D, 22 b2nb 67, NH OEYE
HARITAEV BN atom% (0.37 - 926) DL IIZB N THBVWEBENE SN R >

0.999),

333 05MK,SO, B D TDN DEE R X O N 447

Figure 3-6 @ (a) (2 0.5 M K,SO, X% H > TDN OEE L v — 27 = U 7 DG (JEE O
FEHERRHR) A RT, JREE 0-1000 uM & B — 27 = U 7 (m/z 44+45+46 35 X OV m/z 30+31)
D TRWEBRMELNG S 72 (R*>0.999), #il T, Figure 3-5 @ (b) - (f) (2 0.5 M K,SO,
B @ TDN O EEED N atom% & B —27 = U 7 HHEH L72 PN atom% D R (PN
atom% DIZHERHR) Z7R~d, 0.37-99.3 "N atom% D L > ¥ T, FEELD "N atom% & &' — 7

T U T MBEH L PN atom% DB TR WEAMENE N (R2>0.999),

334 2MKCIE#&T D NO,; D “N 45if

Figure 3-7 |{Z 2 M KCI #&#H D NO, DEFED "Natom%b & B — 27 = U 7 b HH L7
5N atom% D 4% (PN atom% DAEHERAR) Zrd, =27 U 7150 BN atom% D H
Hit, SN N0 E—27 D m/z44, 45, 46 DU THEND eq. 3.5 DX A L (ZHE T
L7z, ZOfEHE. 037-99.3 BN atom% D L > P T, FEEED BN atom% & E'— 27 = 7 7/
LR L7z PN atom% D TR WEMARMERE Lz (R? > 0.999), HNO, & HN, & D
JETARRT D NO D25 FDNIZHOH, —4FIXTHNO,D NIZ, 9 —FD N &

HN; DO N IZH KT 5729 (eq.3.4), EUREMOMBEEIX 0512 o7 (0475),

34 B
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AMF5EIL, NH,*. NO,, NO;, TDN % Z 24, [FNZikE & LT 0.37 "N atom% > &
99.3 "N atom%® L > ¥ T, JREL L TO0-1000 uM (0 - 100 uM-NH,") @ L > ¥ THIE
PHEREMN E D 0 | BRI A -V THRE LT, 2O/, TR ToOEFRILEHD PN
atom% DFEMEMHR,  F 7R OEHERIZ BV T ROVERME (R*>0.999) 237% b7,
TR bR DSHATRRIC L - T, 2M KC1 1 NH,*. NO,”. NO,". TDN D [F{i7{f
e LN —FEICRIE TE 5 X 917 o 7, B ERIE DOBRIC /L b 5 Hshh i b o
EFRLAEVOREL ZOON/N X, 3L ALOHE, RIFFETOREL Y (0-1000
uM-N (0 - 100 uM-NH,") 3 X 100.37-99.3 "N atom%) (& Ei b,

FTARBIZE TIX, 1K, 0366 PN atom%F2 2 F.0T & D PN O #) (] 213 0.363
PN atom% & 0.372 "N atom% D7) ZHET D 72O SNWEFESLT A Nik
| R ERIE D712, 0.37 PN atom%2> 5 99.3 PN atom% D L > T D PN fEHTiLIC
WH L7, £hicX v, diffusion % & EA-IRMS % H 7217 (Figure 3-1) TR.HM 5
AR (A) - (C) (Bd: 3.1) ZLA T O X S5 IR TE 7z, 7255, (A) NH, % diffusion
FEIZR S THEIRT 5 LW HTTRZRET LT, NOy D "N/“N ZH#liET 5 2 LN AlRe & /e
o7z, 72, (B) NOyB LU TDN ORIEDE, 732 E&I2 X5 NH ~DIEIE &
diffusion JEIZ KD E WD) T 22 LT, ~EIZNO IZETTE HDT, 172
WERE SN D EFRIFFIC, RO TIETHLNL@MWERT 7 o 73R bnroT, &
52, (C) BEBIZKRETD 78%% 5 N, Tix7e <. 310 ppb FE LMEEL T
2N NO IZEHAL THIET 2728, KRRDIBAC K DHEREDOIRTOY 27 13E L
<EE ST,

FENT, B 2ETRLE GOMS VAT L&AV Z LItk -> T, IRMS TROLNZ
SIMTATRE EORER (D) (FNR: 3.1) IZOWTHLUTORIITHIRTE, T7hbb,
(D) 0.37 "N atom%7>% 99.3 "N atom% D L > 2 TP "N R 28 o[ REZR = & v e Fhi
o SN/MN ZEEBEOJEFRER L ~VLIZADE D L) ICHRT 20BN 2N, Th

INTVEENEMEC 72D Z &<, KEHERIIENHIETH D, GC/MS v AT A
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FRHWDFLSIE, icbd b, (1) - 3) 2R,

(1) GC/MS (X IRMS (ZHAT, 1FZ2 0L TH O . WED OREHIEITIZIR < fEH
ENTWD (B2w), 207D, WAEMEME S L TARTW - AN %
179 2% < OIFFREIZI VT ATRE R TS Th 5,

(2) SHroTEIc LS b7 v 7 (chemical traps) 7 T A A7 4 —H A=y K
(cryofocusing units) 72 & O H A YEHME D 72D ORI 2 M F L Ligh~y K AAN—
AETH LTI, WMEPKREIZY TNV TH D,

(3) IRMS Tldlw, BEILHIE TE 220, GCMS Tl Figure 3-5 (a) - (¢) BLW
Figure 3-6 (a) T/RL7Z& D12, UN/MN L RIFFICIRELHIETE 5.

Tbb, GCMS VAT LEHANZZ itk T, EHEHPFOEHT v —OREEIX
INETIZRWIZEICHEICHE TE D L) I oTc, ZHUE, MAEHOARRFLAH
FERNIERRE T D LD RIFRE BT HRSICETARER FIETH D,

AHFFETIX, BB D GCMS 3T AT AL > T o H T ADogHE 12 55 T1TH Z
ENTE, T72bb, —HIZ 100 M 7 ALL EORIENARETH H, o, FEHRL
EH o PNRIEE 1-10 ml OFIHIRE FHWT, T2 203 TEx 5, ZhEE 0%
FE (eg. 60 pg-N), ¥ 6L OLHMHKZ LI L L7iekD o Bk (Figure
3-1) @ 1/10-1/100 5O & TH D, ZD X I EOMEKAEZRE L LT, Z2< OHIE
INATRBIZ AR o 72 2 &1E, 2ROV TN LIRIT TR v T2 5t 5 &3 24

FUS & > TUIHFICEHERN R TH D,
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NO;

DON
NH,* (TDN)

Reduction to NH,*
with Devarda’s alley

A4

v

Persulfate oxidation
of TDN to NOg

v

Reduction to NH,*
with Devarda’s alley

A\ vV

Diffusion to collect NH,*

Diffusion to
collect NH,*

v

A4

Combustion to N,

[ Combustion to N, ]

J

\4

IRMS l ) Calculate 415N-DIN/DON

Figure 3-1. Flowchart showing most popular analytical procedures to data for

different N forms.

69



NOg

\4

DON
NH,* (TDN)
Diffusion to Persulfate oxidation
collect NH,* of TDN to NOy

v

Persulfate oxidation
of NH,* to NOy

\4

NO,

\ 4

Reduction to N,O
by denitrifier

J

Reduction to N,O
by denitrifier

Reduction to N,O
by denitrifier

Reduction to N,O
with azide

\4

modified
GC/MS l) Calculate 1415N-DIN/DON

Figure 3-2. Flowchart showing analytical procedures for different N forms in this study.
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600000
400000 ™7 44 500uM 1000pM|  (a)

200000 - ouM 100puM 200uM l

0
100000
75000 | M/z 30 (b)

50000
25000 l

0 T T T b T T T T T T T
0 1 2 3 4 5 6 7 8 9 10 11

800000
600000 -

m/z 44 (C)
400000 l 0.37atom%

200000 -

0
400000

3000004 ™Z4° 10.3atom%  20.2atom% (d)

200000 -
100000 - l l

GC/MS Peak Height (Vs)

99.3atom%

0
800000 g I T T T T T T T T T

600000 -{ M/z46 49.8atom% (e

400000 -
200000 - |

0 T T T T | — T T
0 1 2 3 4 5 6 7 8 9 10 1

Analytical Time (min)

Figure 3-3. Typical chromatograms of our analytical method. The upper two graphs
show the chromatograms with constant 0.37 >N atom% with different concentrations (0,
100, 200, 500, and 1000 pM) scanning m/z 44 (A) and m/z 30 (B). The lower three
graphs show the chromatograms with constant 100 uM with different N atom% (0.37,
10.3, 20.2, 49.8, and 99.3 >N atom%) scanning m/z 44 (C), m/z 45 (D) and m/z 46 (E).
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400000
350000 W
300000

250000

45

200000

150000 -

GC/MS Peak height (Vs)

100000 -

50000

5.3 5.4 55 5.6
Analytical Time (min)

Figure 3-4. Closeup of the chromatogram (20.2 '®N atom% in Figs. 3-3C-3E).
The tiny peak at the analytical time of ca. 5.4 min was CO,, with no signal of
m/z 30 or 31. This CO, peak is caused by air contamination and CO, in the
vial that is not trapped by NaOH. Although it is quite difficult to eliminate this
CO,, good separation of CO, from N,O (at 5.5 min) was established using
our analytical procedures
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200000+ 1007 15 =
(@) NOy (d) °NOs
180000 901
160000 801
1400001 70
120000{ ~ A?=0.999 60
100000 501
800001 401
600001 30
40000 R?=0.999 20
2|
200001 101 R*=0.999
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700007 100
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600001 e
R?=0.999 O 804
50000 = 704
S
400001 =
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20000 O 30
2
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10000 S
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g (O]
0 : . . : ‘ S IO e e T e
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450000+ 100 10
(c) NH4* :
400000 90
61
3500001 R2=0.999 801,
3000001 7012/ Re—0.999
60 o R?=0.999
250000 o 2 4 6 8 10
501
2000001
401
1500001 i
1000001 R2=0.999 201
500001 E
10 (f) 15N H4+

0
0

10 20 30 40 50 60 70 80 90 100

N concentration (uM)

0 T T
0 10 20 30 40 50 60 70 80 90 100

True N (atom %)

Figure 3-5. Calibration curves between concentrations and peak area (m/z
44+45+46 or 30+31; A, B, C) with 5N atom% of 0.37%, and between
calculated and true ®N atom% (D, E, F with concentration of 100 uM) for
different N forms (A and D for NOy, B and E for TDN and C and F for
NH,*) dissolved in 2 M KCI. Regression curves for concentration (A, B and
C) with peak area of m/z 44+45+46 (open square) and m/z 30+31 (solid
circle) each produced sufficient quality (R? > 0.999 in all cases). We
checked °N analysis with low '®N contents (< 10 >N atom%) for NH,*
(inset in F) using the most complicated procedure (Fig. 3-2). Our analytical
procedures showed a good relation between measured and true 5N atom
% (inset in F).
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Figure 3-6. Calibration curves between concentrations and the peak area
(m/z 44+45+46) with >N atom% of 0.37%, and between the calculated and
true 5N atom% with concentration of 100 uM for TDN in 0.5 M K,SO,. To
produce the N,O to measure, 1 mL out of 10 mL of the persulfate-oxidized
solution (mixture of 2 mL POR plus 8 mL of standard solution) was fed to
the denitrifier. Regression curves for concentration (A) with peak area of m/
Z 44+45+46 (open squares) and m/z 30+31 (solid circles) produced
sufficient quality (R?> 0.999). For 5N contents (B), high correlation (R?>
0.999) confirmed the applicability of our analytical procedures.
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Figure 3-7. Calibration curve for SN content for NO,  in 2 M KCI with the
constant concentration of 100 uM: 1 mL of the solution was reacted with
azide buffer in a 10 mL headspace vial. The azide method incorporates one
N atom from azide and one atom from NO,, resulting in the low slope of the
regression line (0.475).
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EA4E BERAVBEZODIPEHERAHEKRITBIIBIT2ER
7 v — DM

41 &S

COETIE, FBIETHLLEFEEHNT, E2H 70 —0RBE LR L, A
Td % DHSBR (5 1%, B7 a3 1.6) ORE/MNK, bk, IREHO= > e — X
WCBITA2EZT7a—ORBERALNITHIEEZHEMNE Lz, 21D 3 DOBMILIEFRE
FED RO MEREEZ N RN DA LTS (32-34 kg N ha' yr'! of NH," + NO;™) (Table
1-2), LavL, EFEOMHEIIRE £ D (Table 1-2), FrICREMMAI BT, £EO
cm 725 20 cm O HIEIZIBWT, AR LIEERITEHERTEZEDO NO; AR LTS (R
HERIAR © 42-48 kg-N/ha/yr, #AMRIS L ONEGHK © 14-20 kg-N/ha/yr (Table 1-2)), L7223
T, REBRTIE, MAERLREAMICEH AT, BHEPO NO,ER (k) EEN VL
HHIEND, LoL, ZhE 3 ODRMKOEHZE 7 o —O@EITH S MTR > TUVRY,
ZI T, ZORICEHBRTHHETIE, D3 OOBFKRENETNOEFE 7 m—DHE %
BHL, RO OZYMEEZREELT, FEZNODOER T 2 —DNHRND 3 DO

MOERAMPEEZERZ LT,

AW TIFER 7 v —OREIC PN R RIEL Wiz, bz flic e 5 &, M
L1 "NOy & TN A2 72% D, NO; DEE (“N +PN) O L#E RS LN NO;y
DEFLEFRNMAL (PN/N) O TR HENPLHEIET 22 LN TE 5, FEITRO
WY THD, NOyD "N/“N i, ik (“NH 225D "NOyDARK) 12X > T “NOy D&
WERSNDTeDIZHmNEND (NN OERNS L D), —F, WMEMZ XS
R 72 EDWE T 1 AL - T, NOyOREITZE(LT 523, PN/MN ZZ{k L7

(ZDOFFAIZRBIT D PN/MN 2 H D NO; BHE S LD 720 PN/MN OfEIZZ(L L7V,
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T bbb, AT o ADHN NOy D SN/MN 2B S 572010, NO; AR DR E

EZNITHES NOHE ORIHEZ Lo TRIET 2 Z e ntiks, Thzt

THT L (eqd.1-42) DX OB, “N & PN ixd LI/ D PNO, & “NOy, DIRET
»D,
d(]4N+|5N) . .
————— = production — consumption
dt - (eq.4.1)
d(]5N) . ]5N
= CONSUMPTION X T ——=—
dt N+°N - (eq.4.2)

ZD LI, PNOy & LHITM A, PNOy & “NOy DIREL(LI G, MibiEER L
MNO, THEEEZ R T2 2 L3 T& 2, MERLEHEIZOWTHRKETH D, "NH,
Z I Z . "NH & UNHS OREZ )G | R EER L B 4 K O NH,TH & H 4
HHT 52N TED (Hartetal 1994),

PN RAEAIIEIL, k00 K<HWOR TV ADoK E (i bEERE, "N
M—H—if) THLNLMEREHRL TS, MEREIETRbE, (1) NORE
DHNLIEHY 72 ) OIERO AL TH D MAHLEHE L (eq.4.1) TR, EEROMLE
B GRREALEE) K 0/hSwy (2) PN b L—3—E2F 0 PNH % BTz "NO,y”
DM Z W2 HFIETIE, EOREEZMA D7 Db A RE S5 iR H 5, £
7oA LTz PNOS IR RIRFICIHE S D ATREME DS & 5 728D ERR DM B 2 [k L 72 WV AT RE
WRBHDH, TNHOZ LD, BEEEROMENMOERRICHERTELNEEZD
NTWDHRMREEICE T 2 EFR Y 0 —OREEMITICIL, PN R ERAIRES RS X <

HAWBHITUW5 (Hartetal. 1994)

42 FHiE
421 R+

77



B X 2008 FE 9 HICEHRI L7t THD (F1E . B a 16), Tbb,
DHSBR D AR, AR, IBEMDO = Fr— XN 6 DETT OO EIL, ThE

N2mm DS WEELIZHETH 5,

422 NH:(NOBEOHE

THEF ONH, & NO, IR E 132 M KCIAK 2 W CHIE L7e, 10 glzxf LT, 2M
KCIAR #50 ml& Il %, 1REf#R & 9 L, =0 (7000 x g, 10min) L7z, 7 A7 ¢
)L % — (GF/F; Whatman Int. Ltd., Maidstone, UK) %\ C A L7-, A+ ONH,* & NO;~
BEIIA— 7+ Z A4 ¥ — (TRAACS 800; Bran+Luebbe, Tokyo, Japan) % H W\ CTHIE L

7:,
—o

423 BEFR7u—0REEHE
4231 TEERERBIVCSNAIE

BN 6 SNSRI L gy T vznenns, 7gotEYy T (BT
P TN) 2O BlelZR 0T T AF v 7 F 22— (50 ml, Corning, Corning Inc. NY,
USA) IZAFL, 26°C T24 K], A& L7z, A2V a—F v v 73RO THERIZL
7o o ML ORI E XL F O FIETIT» 72, (1) %W 7% > 72 5 mM NH,C1(99.3
N atom%, SI Science Co., Ltd., Saitama, Japan) % 350 uL Il z 72, “NI&EIZHEF T
IR D L9, U Y (25 G x 6 mm, Top Corporation, Tokyo, Japan) & #llv»=—
KL (25 G x 6 mm, Top Corporation) %z W C—{l3 oz, BHEAELHIZIRE L,

(2) 2200 THTNDHIHE 1 DIL 1550, b O 1 2DIEI HIT 24 K, WInd
2600C TA Fax—hL7, B3) ArFa—hE, 2MKCIHKAZ 35mL IR 7, 1
REfdfE & 5 L, =0 (7000 x g, 10min) L7=t%, #'7 A7 ¢ /)% — (GF/F; Whatman Int.
Ld.) ZHWTAIE LT, AL 4°C THRIF LT

AR AL B DPE LT IE, AR IZ S ARARN 6 HLR s DRI L 72 B v 22
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HTgDEEY TN (FTHTI) &2 O0&IZTTAF v 7 F a—TIZ A, 26°C
T 24 BRI E L-, 2 0#%, £V 7% 72 NH,Cl TiZ72 < . 5mM KNO; (99.3 N
atom%, SI Science Co.,Ltd.) ZIRM L, ELil& RO FIAZ D R L7,

AEH O NH, & NOy DR & PN/N ORIEILE 3 BTl L7 FiETIT o7, 3772
bbb, AT O NOy IIMEFHIEIZ L > TN, IZIETL L, BE L PN/MN 25 2 = Crdil
L7z GCMS v AT L& HWTHIE LTz, AT O NHAZDWT, IREIT D OLEGT

(JASCO corporation, Tokyo, Japan) % H W\ TA > K7 =/ —/L 7L —{k (Keeney and
Nelson 1982) (Z&» CTHtaERE L7z, “N/“N 1L diffusion (5D, @BFEERE{LIZ L - T

NO; (2 L7, RS 5k & RBRICHIE L7,

4232 AR - HEEREOEMH
FAH FE 1T Kirkham and Bartholomew (1954) OFRUTESWTHEI L7-, B LE R

Z1HY7Z0ONHDOAEREEL LT, ZOEHEXEZUTITRT,
_[NH,"], -[NH,"], . log(APE,/APE,)

¥ . (eq.4.3)
t log([NH," 1,/INH,"],)
Cy=m- [NH, ], ;[NH4+]° - (eq. 4.4)
m: MR E  (gross N mineralization rate) (mg N kg-soil ' day™)
Ca: ¥ NH, VHE HE (gross NH," consumption rate) (mg N kg-soil ' day™)

t BRI, 1 A
APE,;: time-0 (235 1F %5 NH,*® "N atom % excess
(PN atom % excess = "N ¥#{J11% @ "N atom % - "N #RANATO N atom %
(R 2 7F 9 K :0366atom%-"N))
APE,: time-t {2331} 5 NH,*® "N atom % excess
[NH,*],: time-0 (Z351F 5 NH,/ ¥ (mg N kg-soil )

[NH,*];: time-t (2351 % NH, R (mg N kg-soil )
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v

(\fL\\\ L
VN

=
=~
)
i
P

(s NO; ZERGHEE) 38 KUY NO; VHE H 1T Rt o> NH, % NO; I

EEHZ CHMH LU, MAEEEIT RS20 O NOy D& e LTHIH L, I
LI & NH,THE S, b & NOSTHE X, 22 15 0B L0 24
REf 15 DB OV 7 7 Lo NH, & NO; OEE (“N+ "N) B OV PN/MN 2 Huv
TR L,

Kirkham and Bartholomew (1954) Dz, (eq.4.3) BLW (eq.44) I, LLTFTD 32D
fE (1) = 3) Obe, (eq.4.1) BEW (eq.42) LWL bDTH D,

(1) "N & "N T HEP T, EEMAEMORYIALDOE, FL LIRS HES

(2) MRETHEHRT7 v —OEEIIIEBEHHT —ETH D

(3) EEEMIM IR L &7z SNIZE ORI LT 5 2 213720,

ERITIE, 2RO OEIFST LN LAWY, BRHIMAELM 1~2 B) Th

TULFDOBEIT/NINEEZ 51TV 5 (Davidson et al. 1991)

4233 RABHEEOHH

MBI K Db, HEERM~ORE, T A X D8 L2 TONE
T ZADOHREDEEFTH D, AWHFETIL, BEEAISE (Tietema and Wessel 1992; Tietema
1998) 12 &3\ C NH, OHE 7 1 & A X RE{E (immobilization, AW F{L<> 11
A ~DOWE) L LEWIEDS & LLFORXND NH, OB ARE VIR E 2 5 H

L7~ (Davidson et al., 1991),

i NH, RELIH B = gross NH, THE B E — BIELEHEE -- (eq. 4.5)

NO, DIHEIZHOWTIE, BE{EWFSE (Tietema and Wessel 1992; Tietema 1998) (26 &5

WT, EIZNOyOAREME (EMRIES LAY ~OWAE) ICE5bo L Lk,

80



¥ NOy ARENMEEE = gross NO; THE I -- (eq. 4.6)

AREBIIHEDIC X 2 NOy DI AKBENT & 672 5 NO; 722 £12 X D NOHE
2R ADRWGE T TIT DL, ORI CORED IO BB S Tn
LEZZONDTIZO MOWHE T 0t 272D BRI L W7 & ONTEL, il
DWTIIBE LRV, EFLEARETIINOARITT XTNH OO ERKE Lz, AET

®g L L= 7 vt& 21225\ Figure 4-1 (12787,

424 KEEHEHT

B OER 7 0 —EKEOFEEREIT—RICIEIHT (one-way analysis of variance
(ANOVA) with Turkey’s test) T1T o7z, MfHLIEE & NOSIREE & ORI THESHT 21T -
Too ETMBEE LT ORI A —4— ThbbLBMEHE, & NH A E{bH
BE. K NOy REMEERE, M LEE B L OV NO BRE L oM TR 21T 572, a b
L 005 ZHEEDIEE & Lo, & TOHGEHFEHT I R software (R Development Core Team,

2007) W TITo7-,

43 fER

DHSBR D JKIERIAR, fAbk, IBAMD a2 b — LK) BEH L 7= 5o pH, NH,*
& NO R, CN b (2RF R EEHLE: C/N) % Table 4-1 1277, HHEITTCHEE
PECTH O | ILIEBAITIRAARCIR A RIS AT EHE O pH MRV, F 72 O/N IR FERR,
AR ARBRONEIZH < 72 5 AT NHAREICOWTHEEITA LR 1203,
JRIERIAR D NOS IR ITARAM IR SR D NOSIRE K 0 &7,

eV T PN AR A BRI L0 B U 7o & ARbk O e MER (L B | A (Lo | 48 NHL*

RENMEEFE, #8 NO, B L3, # N (NH,* + NO;) A#E{Li#E % Table 4-2 12777,
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Fio, HHRNREEOER Y 0 — D&% Tietema and Wessel (1992) 33 L X Tietema
(1998) 12 & 5T Figure 4-2 1279, A TIEME LT NH 226 NOy DR E LT,
TARDLLEBRBEME (AREZEHENS O NO,ER) FEEL TV (5 %S
FR). Table 4-2 IZEB\ T, MMEH(LIERE | & NH ABMLEEE | & NO, REMLHE, AN
AEMEE IR CHERZITA OGN o7, TO—F TREFEHEEITRE < B o
7z (p<0.001), T72bbH, IREEBAKRORIEIIEE (5.0 mg N kg-soil ' day™) T4 (1.2
mg N kg-soil ' day”!) I OVEAM (0.5 mg N kg-soil ' day™) (LR TIEDZMNITKEN-
7o

NO; IREED—H X720 OIERDZ L, T720 5 NO;y DEFHIEE T 6 & 2 Mias bk
(= MILIEE — B NOy REMLEEE) 122V Th, JRIEB M CITRALIR AT N
TE»o 72 (p<0.001, Table 4-2), F7=, & TOLEY 7B D HELEHEE & NOy
R L OMIZIEOMBE N B 6472 (p<0.001, NO; concentration = 2.5 x net nitrification rate
+1.5, R?=0.88) (Figure 4-3), #MMHLEHEIZHOWTH, SR LEHE & FEEIC, NO, R
& ORNCFIRE N L 5 1u7= (Table 4-3, p<0.001), F 7=k bl fE & R MAS(L R | #2 NH,*
RENEIHE, R NO,REILEE, # N R, NHARE & ORISR S 7z

/x> 7~ (Table 4-3),

44 EB8
441  FRARIBEF O R A AR

BRRARO LEE P OISR ERIC OV T, JREMMTIT NOTRE DA LRI
RTCEPo T, EHRHROEHE T 0 —12O0 T, BB TRIGIEEICKE RERRLLR
oo T L | IREEBAR TITRRA LB MR LR & B ITRARCIRE RIS BRTE
L < K& Do 7z (Figure 4-2, Table 4-2), F7-. NO, IR & fiaH b 3 L O%RH b
JE L ORNZHRWAEBI A A S 37- (Figure 4-3, Table 4-3), ZAH D Z LD, TR

HIEICB W T HEF O NOSEENE VDI, M LEEN KXW EICHET D EE X
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bivlz, 7=42Th%h NOJIFEEPTBIHLE S, TN ARBKIZL>TEHIC
BT 5720, HHEFTO NOyOZHIENO AR~ EEND, ZoZ b, JLE
BIARTHEDZEKE 0cm 725 20 cm O THEIZIB W T, ARCIRGH I Y 28D NO; 23KD
BENZ L b 2o THME L TWL D%, HEFOMLEERNENZ LICHRTLLEEZLD
Nlco 2O X5 MR BHIOR IR L 72 R TH AN E 9 T OWTEH

5ETE LICHFTT %,

442 ZROXREMELTmEX

—RAIIZ NH, & NOy O ARENME S bk L 0 172 2Rk F5 7' m ¥ X THh %, DHSBR
TIL# NHRENM L EE . # NO, REMEIEREE & & ICARMME T2 <. # NH REL#E
FEITH NOy AREMEIRE K 0 @ c K& ooz, Licdio T, NHSOAELA DHSBR
D3OOHFMEEO EREHEMRF I o v AL L EZ O, BFAMN LV /NS WMo

HARTIE, NOy D NH, ~?D HALHyiEIC (dissimilatory nitrate reduction to ammonium:
DNRA) MAEMIZ LD NOsTRMb E Wo o7 atk R 2L - T, AR L= NO; D KER5y
DAL E D Z ENHE STV % (Silver et al. 2001; Templer et al. 2008; Huygens et
al.2008), L7>L. DHSBR @ 3 DDOFRM THETIL, #mLIEE 1T~ T NO, REL

HWEIXIZ AN SNWZ D, ZOXH 727 v AOEBITIA LN o T,

443 FZAEOBRMMBE

B OERMAMRE %, NH OEE 0t 2 TH Hk & NHAREME (FHI2iED
X DEHE) DAT U ADBRNOELRT D, ANFETIIHRMAE T NH, REMEE I
RERETR OO AL E AR ARV T bk L ONE A ARIT AT
g oTe (Figure 4-2) o 2O Z &G IREERBIAR CITAH LI AEMRESE ~ NH, O RIfA1E
MW RIS, TP O NHATE B REMMADIC X DR & by

WL AMLIC L > THia &N 5, ZNETIC, EREFIIREICH D & NH, O KE5 1T
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TEIRRBMEM AN L0 R (NHSAREME) S d s, EFR0aERm <R 5o
T NHAZF BB HRIE S, EERENERT 2 2 L BVRIB IS TN D
(Verhagen et al. 1992; Hart et al. 1994) , & 7= 22 & HlRARD & 2R EAFIAR O ST OEFRIZ
BT, TEMAEMICRIT 2 BROATEER R < /20 . NOy ABRIAER S 3 < 72
HZENTHRENTWD (Galloway etal. 2003) ., ZHHDZ ENSHEZDA[FHMENE
<L ETCRHIEHEE B3R & WIREBARIL, IR AT TR ERREICH D
ZENREEND,

Fio, TAIVE TITHRIEE O NHARNE RIS T 2% ko= R fafs
EOREELTHWD Z e bESNTEZ (Aber 1992; Tietema and Wessel 1992;
Murphy et al. 2003) , FRARO LR EAFITLG D HEIT T 5122040 T NHSIE B R B M AEY
WEoTIRMbEEN D L0 b HLIAEMICFIHEN D X520  ZDAREL LD,
Goulding et al. (1998) |ZZEFIFLRFEIZRD &, 2N 1 LY KREW, Tobbiglk
HWEEDS NHSAEMERE A BED K512 EBELRLTWD, ABFEIZENT, BT
% NH, O{HE 7 vt 23R TRV | IRBEBATIIb, AR LIRS AT NH,?
DAL Tl o7z (Figure 4-2), fESE LT, MAH(LHE O NH AT E I3 25
IZIRFERIAR (3.1) I2HW T, kadk (04) RCIRAH (02) IZHERTE L @@nro72 (Table
4-2), Z DT IRERKITRRLIRA RIS AT, EXMMBARB L VETLTND
REICHD EEZONT, ZhbOKRIL, BEfED DHSBR TOHMYE, T72pb, 7 4
—J)L R COZEFBRE (Fang et al. 2009, Table 1-2) (2RI BHFE HE X 72 & N7 fE R
LBEETOHLDOTHD,

BRARE OEFREFFLE DRI OV T, 5 5 BEICBW TERIRMNX & BIRINXIZE
FHEFZET O —DHENDS, SSICEEMICHRET 5, £70. A= IR RN
(Org-N & %\ Z NH,*—NO; ) Z & & L T\ W= 2 etk (NH,*—NO;")
D R LTV D ATREMED B 5, Z D AUT DN T HEE 5 BICHR W TIN5 M

e & R BIE L 2 T TR L T, & BICEFICRETT 5,
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444 FRAROREbHE

RENHDOBRFRABRNFERE Th > TH ., FHE TRIGEHEIIRE S B> T
7= (Fig.4-1, Table 4-2), FFlZ, MRSV EE | #8 NH, R BN, 8 NO, R Eh bk
IR CHEEZEN R bR\ —05 T IRIEBAR O LR E 13 ka kit X ONRA AR OmL
HE LY @mrole, EEEIXIZNE T, e RREZERNICL > Tar tr—LahT
Wb EZEZHITE (Figure 1-8A), Bl 21X, NH DO RIFGMES, RFE & EFRO AT
DIRT v AT EDME & OFRMRTIER OMEEICEEL HEZ TV DIRRB I TE T,
ZOHTH, Boothetal. (2005) (TARM, HEAHL, Fi, RHHTIT O 100 & DO %
DFFHTT — Z &S oW THRANT L. B R E LR E S O HEh o 2R

EEFE, NHARE R HDHBENS S Z L 2/~ L7-, Kuroiwaetal. (inreview) X HA®D

4 AFTOFARICI T I EE & A s L OV e h o 2R 3R | %5 NH,'
RE L ORIZIRWAHB Z A2 L (p<0.001) . #SAE LA IR, Fril i MR (LR IZ K -
TREKRELSTWNDZ EZRE LI, Lol AAFZEIZEBW TR, Bl bEE & i e

PEALIEBES° NH, R & ORICHRBIIZ A S 720> 7 (Table 4-3),

FLBRIZT TR VRFBLEEROAFEED N T o A BB E 4 & 6 5 BREEEA T
HHEERMINTE I, RN D, ZONRTUADEE L LTCNE (CON) AW
NT&ET, Blx1E, Yohetal. (2001) (T HARDHEMARIZIWNTC/N 220 & FEIZD HHET
MAEER AR’ 2 AL, CN PMEL 22 DI DN TR LIRE N R E <R 2 &2 Rm LT
%, F7- Galloway et al. (2003) [FEREAFHGNETT HICONTILED CO/NIZIKT
U, fAE LR EE SR T 5 rREME A 5 L T\ 5 (Figure 1-5), C/N Z48EE & L THW
52 EDERBIITIRDIBEY Th 25 IAEDMALD C/N 25 5 F2EE (Fagerbakke et al. 1996)
EEZEZDLNTEY, HED CONIZHARD LTI, 8-> T, HH#O CONBEW
(CITR LT NP & HEMAITERFIIRIREBICH Y TP O NH OIZ L

Ao TR RV A OFULIZ L > Tl 528, 25O CONBMELS 22D (CITH L
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TNBEL YD) BROAEMENE < 72 5 & [FIRFIC NHOZME AT SR S 4,
EAEMEE S NLD E VD B ZITH &SV TU % (Bengtsson et al. 2003),, %12 DHSBR
IZBWTH LD CO/N I, ML R E WIRERBA (22) (2T, bk (25)
REAEM (28) L VKV (Fangetal.2006) Z &nD, RFE ELBROARKED T A
ECIREE 2 00 2 HE R BRI Th D AletElN & 5, LvL, CNILdH < £ THRAH 3
TORRKFREREREREDLTH Y | HHMNC L o> TKFE L EROMWRTITRLRD I
TGRSR & G RRE RO TII RV, 2D CNEZEIELTH50EFLT L H %Y
TIERWATREMEDY 8 % (Booth et al.2005) .

F I HGIT EEM L ORE TH 5, Figure 1-8 2T 25 &, CNBELS 2D
WZONTHLEENRE LR DD ThiUEL, ZiUE CONMELS 725 2 & THILIMAED
FEEE IS D NHS O TR R R E <72 | IS K o T LI RESR DR E 3 221E,
9% (Figure 1-8C), Z DfEHR. MHIHENKE <722 (Figure 1-8B) & & X 5D
ZETHAH9, Thbb, LD XD REEER LITHNT, 20X RBEMKMICKIT S
A IR E O 2T, kAo TODMAEMBREDORE (FFfERE., BEEMA, 151
DEBICENT S EE2BND (Figure 1-8B), T Z TH 6 FICH W T, AR DR

LR DR A UM EREOBLAN G BRT 5,
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Table 4-1. Chemical properties of soils in broadleaf, pine and mixed forest soils
at DHSBR.

broadleaf pine mixed p value
pH* 3.83 (0.02)b  4.04 (0.04)a 3.95 (0.01)a 0.003
NH,* (mg-N/g-soil) 3.1 (1.4) 3.3 (0.7) 5.9 (1.5) 0.23
NO,- (mg-N/g-soil) 11.9 (2.8)a 4.7 (1.4)b 2.0 (0.4)b <0.001
C/N* 22.1 (1.3)b 25 (1.1)ab 28 (0.7)a 0.05

Data are shown as mean (standard error), n=6

Different letters following the values indicate significant differences among
forests (p<0.05) based on one-way analysis of variance (ANOVA) with Turkey's
HSD

*Data from Fang et al. (2009)

Table 4-2. Gross and net N transformation rates (mg-N/g-soil/day), and gross
nitrification/ gross NH,* immobilization of soils in broadleaf, pine and mixed forest
soils at DHSBR

broadleaf pine mixed p value
gross minaralization 3.5 (0.5) 3.9 (0.7) 2.4 (0.3) 0.17
gross NH,*
T mobilization 2.3 (0.6) 2.7 (1.3) 2.4 (0.7) 0.93
gross nitrification 5.0 (0.8)a 1.2 (0.6)b 0.5 (0.1)b <0.001
gross NO;~
T nmobilization 0.2 (0.1) 0.2 (0.0) 0.1 (0.0) 0.15
gross N(NH/+NO3) - 55 06) 20(13)  25(0.7) 0.82
immobilization
net nitrification 4.8 (0.8)a 1.0 (0.6)b 0.4 (0.2b  <0.001

nitrification/

NH,  immobilization 3.1(08)a 0.4 (06)b 02(0.2b <0.001

Data are shown as mean (standard error), n=6
Different letters following the values indicate significant differences among forests
(p<0.05) based on one-way analysis of variance (ANOVA) with Turkey's HSD
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Table 4-3. Relation between gross nitrification rates and other gross rates
or soil chemical properties of soils in broadleaf, pine and mixed forest soils
at DHSBR.

R2 p value
gross nitrification vs  gross mineralization 0.008 0.72
gross NH,* immobilization 0.08 0.23

gross NO;” immobilization 0.2 0.055
NH,* pool size 0.003 0.82

NO; pool size 0.89 <0.001

Regression analysis was used to investigate the relationships.
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nitrification

Figure 4-1. Schematic representations of the major processes affecting
NH,*and NO4~ pool sizes in forest soils discussed in Chap. 4 . Net and
gross rates of N mineralization and nitrification are measured in the
absence of plant uptake and leaching and under conditions that
minimize denitrification. Under these conditions net rate estimates are
still influenced by both productive and consumptive processes. For the
NH,* pool, gross mineralization is the productive process; consumptive
processes include abiotic sinks, gross nitrification, microbial
immobilization, and plant uptake. For the NO,~ pool, gross nitrification
is the productive process; consumptive processes include
denitrification, leaching, microbial immobilization, and plant uptake.
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Figure 4-2. Characteristics of N transformations in (A) broadleaf, (B) pine and
(C) mixed forest soils at DHSBR. Arrows indicate the following: from Org-N
(organic N) to NH,*-N, gross mineralization; from NH,*-N to Org-N, NH,*
immobilization; from NH,*N to NO;-N, gross nitrification; from NO;™-N to
Org-N, gross NO;~ immobilization. The figures adjacent to each arrow and
below the circle show the rates (mg-N kg-soil~' day~') and pool size (mg-N kg-
soil""). Gross NH,* immobilization rate was calculated by subtracting gross
nitrification rate from gross NH,* consumption rate.
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Figure 4-3. Relationship between net nitrification rate and NO;~
concentration in old-growth, pine and mixed forest in DHSBR. A
significant correlation between them was found (p<0.001, NO;-
concentration = 2.5 x net nitrification rate +1.5, R2=0.88)
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BS5E ZBRMABOHEARPILEFOER7n—ICRIETHE

51. #%

i

ATEEClE, 2008 EIZERER L7z 1884 -HWC, #5844 ~ DHSBR (35 1 &5 M) DA
TR, IR, BEMRDO Y Fr— VROEFRT 1 —if 2 i Ui R, IREERARIC
BNT, AR EEEHRITH A TRIEEE 22 b NS LEE R RE W L 2R LT,
ARETIL, ZOMREEEEZ COEERNRT —Z ZHTZIROTUTD 3 fxikm T Do
FThbH (1) 2008 IR L HETR O B0 X 9 k0 ER 7 v — D
M, 2009 FFRICERI L7 HECH R 650, (2) BRWMAROHKRIZE 7220,
BRI X EDL D ITET D0, (3) TEEREBIEMLIZNO,AERMICK LT EN
EIHEELTWDDN,

DHSBR TiZ HEF O M ERENFHIC L > TRELLLHT L, Iz, W<
Y., FEBROREMTHH D EHNT, KOBENC L b 722 5 WY ORI A E
LD, BEEPOMBIEERET VR RD Z ENMAE SN TS (Fang et

al.2006), > T, ER 72 —DH

N

H B EERER I L > TRELSEAH LT
LETEIND, £Z T, £7 DHSBR OJREMMIB L OMMKDO 2 e — /L XDEFR

—HEARMN L, WMAKROER 7 v —O[m 2, 2008 FEI T 515 b
R LT 5,

fEW\ T, DHSBR # 5 HEFH CTIX, 4% b RIANOOERILEENHRT L &
NTEEINTHD (B1E, 8273212, Figure 1-3), L7 »> T, ERIMAED
HWRICE ) BT OER T 0 —OZ L2 LN TE UL AR OBRMAERBROE
FPEROEAE THT 2 ECEBERIEREZRM L 5 5, EpbkTdh 2 IRZERBARITH
WIAARIZHER T, BROMBGEN LIV ETLIEREBICH2EEZX NS (FE4EBLY
Fl1EE 7 a16), ZOH, BFRIMAEOHE KIS LT, IREB & AR TITR

Iol-BHRZ 70— bERT ZENRTFREIND, £ Z T, DHSBR OJAEBMKE L O
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Ak b — VK EERIFMKIZHB T L2ER 7 e —HELF L, mRKOENE
Bard 2,
BT, FRMEARAM T T LT LIS SR B IERUAEMIZ X 5 NOy (H 5 W T NOy)
ARk (BEJERRBMEML) BEOFIEN RSN TWD (1 8), & 2 CARE TIIMT

FMERAEWIC X S0E ORSZRBIEMIE) ZBAET 5 Z LI K- T, fE@ &Mt

5

s
HWELZEEMNICRHNT A Z 2R DL, MALRKEET VE=TBRILNB T EF L2 (CH,)
Lo THEEND Z EDV/RE L TLIKE (Hynes and Knowles 1983) . C,H, (34037 52 # 4
Ak & PER R B ML 2 XA L TR 2 72 D1k b K< W H LTV % (DeBoer and
Kowalchuk 2001), CH, 37 > & =7 ({LilE (AOB) O7 »E=T %/ AF 7 F—
£ (AMO) IEMEAETHZ N B THY (Hyman and Wood 1985), £7-7
=TT —x7 (AOA) O AMOEVEBET 5 Z LR ST 5 (Offre et al.
2009; Lehtovirta et al. 2010) , % Z T C,H, & "N RN IAARE (4 %) 20HT L2 &
T, MR & TE IR S MR A B & BRI H T 5,

Fo, BETIEY—F vy T 7vvR (ML L O L) OERY (NH B X
O'NO;) O PN ZIILT=t%, ZDOEBMORE L "N/MN OAL 2 ER LT, AETIE
SO, IRMLIEPNZ FL—RAT 52 LICE-> T, TEPOEFR T o —% L0 FEHIC

fEtT 9%

52 FHik
520 R
fEE 5%, 2009 4 8 HI1Z, DHSBR DAFEMM (2 hr— /L X #HRIFMX) .
bR (2 ha— LXK, ZRIFMX), 8L OHSD OJLIEBAN OHRRL-ZEHTH D
(F1E, 7V a16), 70y NN R AFTONGEIRL, £ E4 2mm D5
LWEEL, TO®R, [A—7vy MpOEIRLE 1200842 —SIRE Lz, T742b

L. 1o07ry MIHKRT D 1 SOIREG HEY L2l LTz,
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522 THOBAZEEHEBIOBRED AL FZAOHE
THEth oo NH,, NOy~, B4 /XA A4~ A %EF (soil microbial biomass-N: SMB-N)
BIOETFHEREZEF (dissolved organic N: DON) 2% % |%& L 7=, NH,". NO,”. DON
MR EE 1T 2 M KCl 3% % FIV T SMB-N 129V TiE 0.5 M K,SO, i & IV T, 54 &= &
[FIRR IS R LE U7z, SR R o NHARE S A > R 7 = 7 — /L7 b—1k (Keeney
and Nelson 1982) |2 X > T ERE L, NO, IREIIMERE (B3 ®E) ICL-oTERL
72, DON BT, T REFEHRRE (TDN) ZHEL (5 3 3E), ZOfE»5 NH,?
ENOTREZSIWTHM L7z, SMB-N (X7 o a AR /L MEKIEIZL > THIE L, §72
bbb, 7okl NEAF%O RO TDN EBEDO =ML LU TFOX%Z W T SMB-N
REEE LTz, #R% (2.22) 13 HEEREE ML (2003) |
SMB-N= ((fEZ ¢ TDN-N) — (JEZ&H10D TDN-N)) X222

138 pH 13K IZ LY pH (H,0,1:5) ELCTHIEL, @FFEBILOEREREIZOV
TIENC 7 7F 7 A ¥ — (Sumigraph NC Analyzer NC-90A; Sumika Chemical Analysis Service,

Ltd., Osaka, Japan) % HWCTHIE L7,

523 BER7u—0REEHE

EHRHROET 0y NN LERIUIRSG LI DYy T reznshnn, 16 O Y
YN (F TV T 20g) B BIAIZIEA T T AL T L (200 mL, 0501-09, vial No.
8, Maruemu Corp. Co. Ltd., Osaka, Japan) (T A#L, 26°C T 24 B[, Az L7, Z®
L X INERREBANCZETT2/8F 7 4 VA TIKAT T AN T EE L THIGE
I L7z, IER Ll OREIZLL FTOFIETIT o 72, (1) &Y 7% 7112 5 mM NH,CI

(99.3 N atom%, SI Science Co., Ltd., Saitama, Japan) % 1 mL 1z 72, N &g -5
TY RN D L H12, vV ¥ (25G x 6 mm, Top Corporation, Tokyo, Japan) & Fliv>

=— K/ (25 G x 6 mm, Top Corporation) %z H\W\\T—{HT D%, TEEZESNHITES
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L7, (2) 16 OB THTNDNATNETFLILMELET VIF Yy v IS THEEZL,
16 DY TH T LDHE 8D CH, WA (Ar: CHy) % 1 kPall72d X 912 20 mL N
Z. FED D8 DI Ar H A% 20 mL Mz 7= (Figure 5-1), (3) RARIZENE I CH, T A
BLOAr TAZMATYTH TN 8HODH B 4D/ 28FH, FXV 4 DTS HIT 24
BERL. Wb 26°C TA v FaX—hL7e, B) A FaX— g, TFLITLkeL
THAIFY vy TEHT. ©LNTEA L, HEMEHIC 7g #E0F 2—7 (50 ml,
Corning, Corning Inc. NY) (ZA#L72, 7%V (X DNA 3 L U'RNA fhi (55 6 #) MK
EHRTHAE L, -80°C ThiF L7z, (4) HIEAZANTZE LT 2 — 712 2 MKCl ik % 35
mL 0%, 1R & 5 L, &0 (7000 x g, 10min) L7=1%, 77 A7 4 /L% — (GF/F;
Whatman Int. Ltd.) ZHWCAi L7z, AL 4°C THRF LT,

AL E OREIIE, ETR0R & FERIC, FHFKOE T vy FALLERL, BE
LR 7T vEzneivins 16 DRES 70 (B7% 70 20 g) &, BlxiC
JRA T T ANA TV AGL, 26°C T 24 FEHATETE Lz, T0%, K77
NH,Cl X4 ¥ {Z 5SmM KNO; (99.3 '°N atom%, SI Science Co.,Ltd.) Z ¥ L. Lt & [A]
FROFNEZAR IR LT,

AULH D NH & NOy DOPRE & PN/MN 15 4 T TRl L2 B L - THE L7z, #
MR AL RS . R NH,VHE R, ML, R NOTHE R 13, Zh2h 2 B &
26 B EE# OV 7 7 L@ NH, & NO; DEE (UN+ PN) B IOV PN/MN 2 Huv
T AR TRR Lo HIE L RERICRE M LTz, RETHSR L L7 1 & A |25 T Figure

5-2 1277,

524 FMEEEMN
THEORFE T o —HEOEERE L, 2 B IO 260 BB EOY 7Y 7 g0
NH,"& NO, DEE (“N+ PN) L OVN/MN O E L EYEREL § L0, BB G

A, (Luxhgi and Brochhoff 2004) % HWTHEH L7-, BB OEHE 7w —HEOHE~E
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L R ITTAHAIHT  (two-way analysis of variance (ANOVA) with Turkey’s test) 35 J X
—RITHHHT (one-way analysis of variance (ANOVA) with Turkey’s test) TiT->72, 9
bbb, BisV A MBTHar hr— VXBEICEIT 5, BEOFE—% 1 RO
a v b r— VR EERIFIMXIZBIT D RIS\ T R e 8o i & o TR aHig
WraiTole, i, M LEE S KO HLEE & NO,IREE & O THBINHT 217 -
oo a LoUL 005 ZAREEDEIEE Lz, pEIZOWVWTIX<0.05, <0.01, <0.001 ZFlik

L7z, &2 TOME#ENTIE R software (R Development Core Team 2007) % VW TIT -7z,

53 fER
531 TEEOEFEMHLBMAEN AL TR

DHSBR D RFERIAR (o b — VX EHRIFMNEK) | bk (2 br—V X EHRE
X)) .8 L OVHSD O JRZER AR B E-E L 72 £33 0 pH 5 X O NH,*.NO; . DON, SMB-N,
REEEPRE (Total nitrogen: T-N) . CN Lt (C/N) % Table 5-1 (2779, DHSBR 28\ T,
2008 FEERER 158 & [FIARIC . IRFERIAR D NOJR BT LV Eidv o7z, 7272 L. NH, R
FEIZ DU TITIRARD J7 D3 IRFERI AR K 0 E 75> 7=, HSD O JRIERIAR D NO, I 1L DHSBR
DIRFERIAR L VAR < | bk & [AFREE Tod - 72, DON YL IX DHSBR 3 L U HSD D JRHE
BIARIZIV T, DHSBR Ok L 0 &hro 72, SMB-N /£ $ DHSBR 45 J OV HSD DA
EBIARIZI5U T DHSBR OARE VD b E2r 572, F72 DHSBR OJAERMARIZI N T, %
FIRMX D SMB-NRE T2 br— VX IV /hS)ho7z, T-NiRE (X DHSBR OJAHE
RBHARIZ T HSD O JAZERIAAFS L OV DHSBR O L W & @& h - 72, C/N X, DHSBR
DD = b a— VX TIRIREBNKR LD & @ o7223, [ URROZRIFINK ClrIA

TR & R TH > 7,

532 tHEH o “NEE

BN RN ARARIEICB DT NH B L O EUNO, 23N L 7= 0, 5538 2 FRf 3 L 126
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REEZ 3BT % NH, & NOy @ PN R % Table 5-2 12”79, £7°, "NOy 2N L7=% (+
NO,, Table 5-2) IZ2WT, &2 THOF 1y hD TN T, SNH,EEE T 2 K &
26 R O CTEL Ligor o7z, 7205 PNOy /B O PNHOARIZ R bt o7z,
HEWT, PNH 2L CH, Z M L7252 (+ "NO;y + C,H,. Table 5-2) 2o\ T, 4
TOTry bOTHIZBWT, PNO;RE X 2 K & 26 Rl O TE L Lz o7z,
Thbb, CHy T & VISR L & fLE L7 RICHE W T, PNH 225 D PNO D4

IR 6N oTz,

533 TP OERTu—FHE

PN R BUEIC L0 B U 72 VO BE 2 Figure 5-3 (A) 12, M bR &
O TE IR R A VERS L 2 Figure 5-3 (B) (2. #& NH, REMEIESE . #& NO, A B LiE
BELOHN (NH, +NOy) AEMLEE % Figure 5-3 (C) 12, ZnEThord, £, &
B THEDOEFE 7 10— OWE&X % Tietema and Wessel (1992) 3 & OF Tietema (1998) IZ
72 & - T Figure 5-4 (2777,

F£9°. DHSBR DJRERBMAK LMD A b — AV KICKBITDEHRT v —HE %2 Rt
SYBOHTIC L 0 e 5, MR E 12OV T, DHSBR OZRMME. 372 b LT
R hr— X (2.4 mgN kg-soil ' day”) E#Apk= hr—/L X (2.5 mg N kg-soil !
day') L OB THEREEIR LN -T2, £ NHREMEEEIZ O C b IR ZERHA
2 hr—/ VX (2.0 mg N kg-soil ' day") &L#tk= > b m—/L[X (1.7 mg N kg-soil ' day™)
EDORIT, B NOy REMLIEEIZ DWW T B IRER K= e —/L X (0.9 mg N kg-soil!
day"') LAtk hr—/LX (0.7 mg N kg-soil' day!) L ORI THEZIZR LR -
Too —07. MEHALIEEIZ DWW TR, BRI = F e —) VX (2.1 mg N kg-soil' day™)

1%, fadk= > b — VX (0.7 mg N kg-soil ' day™) (2T RE o7 (p<0.001),
F7-. HSD OJRIEBMRIZIW T, RIEH(LH#E (3.3 mg N kg-soil ' day™") (% DHSBR &

IREBR E MR D 7 b e — VX LR L TRE o7 (p<0.01), M L#E (1.6 mg
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N kg-soil ' day") |Z DHSBR D JAIERMIMR = > b —/L K LW /NEWA (p<0.001), fabk=
Yhe— KXY KR&EDo7 (p<0.01), F 72 NHAELHE (1.9 mg N kg-soil ! day™)
B L O NOREMEIEE (1.2 mg N kg-soil day™) (2 2OWCTILIABERAR & bk =2 2 K
o—/LIX & RRRE Th o7,

ftV N T, DHSBR DJRIERIAR L AMKIZI 1T 5 2 b e — VX & ERIINX &2 ZIRIT57
BOOSHTIC L0 Hele 5, MEERL S 12OV T, IRIEBMROEZIRMIX (1.9 mg N
kg-soil' day') Tix=> hr— VXIS T/HENo72n (p<0.01), AR TITEZ RN
X (25 mgNkg-soil'day!) &z hr— VR THEEITIRLONRN-> T2, HRRLIHE
[ZOWT, JRBEMAM CTITERZRMX (2.3 mg N kg-soil ' day!) &= b — LXK & DR
WCHBEITR OGN -T2, 20— IMHRIZEB W TERIIX (0.1 mg N kg-soil ' day™)
TlEay b — AV XKIZHRTHEILNE -7 (p<0.01), # NHREMEEE T, L3
BIROZEFRIFIMX (1.0 mg N kg-soil ' day’) Tid= > be— L XIZHRTHEIT/HIE WD
25 (p<0.001), MR TIFHEZBFRIMX (3.1 mg N kg-soil' day"!) O NAEICKEhoT=

(p<0.001), —J5, ¥ NOy AEMLIEE 1T, JATERIAR &bk & bz, EFREMX (02,02
mg N kg-soil' day"!) TiZ=y b — VRIZHRXTHEIZ/NE o7 (p<0.05), FERE
LT, # N ARELEEIL, REBROERIRFMX (1.2 mg N kg-soil ' day') Tix= > bk
12— VKR THBEAIZN S WA (p<0.001), M TITZEREMX (3.3 mg N kg-soil”’
day') OB AEICKRE o7z (p<0.05),

FEV T, MR MERHL & B R B MEHALIZ DWW TIR NS, CH, 12 & o THIN KSR
PR L A PR L 72 R1I2B VT, DHSBR DOJAZEM k= > b r—/L X (0.4 mg N kg-soil
day™") . PAMRZEFRUIIX (0.6 mg N kg-soil ' day™") 1 OV HSD JAZEM A (0.2 mg N kg-soil
Tday!) THEEEARKDN R DAL (Figure. 5-3), @ WE{RIEMEDS /L & 4172 DHSBR O JL3E
Ak = b o — L X KOV HSD ILIEMAARICB O T, & bISHRALEE D 80%A C,H,
WX o THFINTZT2D, 80DFREE DN RBEMEMAMIZ X Db LB 2 b,

Reffelo, Table 5-3 ITHERMLIEIE (= FRMICHIE — #8 NOSRBYLHEME) 27T, Bk
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M2 b9 2 & fas (s E X DHSBR O JAERARICB W T, IR RTEHELL K&

E

H
o T, FABRTITHRAELEE &8 NOy RENMEIHE N RIFRE CTdh L7202, EKROD NO;
ERUT A SN2/ o 72, DHSBR DJRIERBIAR LRI T 532 b e — /L X & R TN
K& 45 & MR EEE IRIERR Sk e bio, 2> b — LK EERIFMX T
AEZETR LN - T2, F7-. DHSBR OJLEMK (v hr— X, EBHRFMNX),
bR (2v ba— VX, EHREFIKX) . 8L HSD ORER IV T, Mg &
NO, JEE ORI EDOFBNA R 5 7= (Figure 5-5. p<0.01, NO, concentration = 5.3 x net
nitrification rate +6.6, R’=0.93), —J7. HLHEZ & NO, RE DO MITIZIEDFHBIA L &

nigimnoi= (p=0.1),

54 BE

541 ZHMHME (arbuo—nK) TRBIF2ER7Tu—DkE

DHSBR DJREBMK LMD a > b — A KICBIF LR 7 n—HEZX KT 5, £
T NH/ AR T v R ZHON T, &2 To7 ey hOL1EET PNO;y 726 O "NHAOE KT

Lol Z LD (Table 5-2) . NHZAERBITARBEBEROERIICL b DLER
b, EOMMERLHE X, DHSBR OJAEMMA = hr— K EMkar br—
XOMCTHEBEEITIR SN2 > 7= (Figure 5-3,5-4), # NH, RELEE R X U% NO,
REEHEEIZOWTH R/ e — LK ek b r— L ROBTHEZEIT
oo 7 (Figure 5-3,5-4), — 77T, JREEBIAAR DO RAHLOH L I TR AR L~ T e
-7z (Figure 5-3,5-4), Zi 5 2009 FFOEHITHRMSN- HENOHE LN ER T v —
&L 2008 FEQHMICERME N HIEN LB ONTER T — (F45E) 2HKT DL,
HT R AOREITRLR D OO, B CHE S LU N (NH," - NOy ) AEMEIHE
(IR R & 72 2213 L B 022 O DS HR R sk B 1 IR BERTAR TR AR IS K ONE A AR L D

HLRE W E W HBEOMA RS Hi D, DHSBR OJRIERIAE L Otk HEF D

NH/ R E RS L ONO, IRENFHi 28 UAHE) T 5 2 & (Fang et al. 2006) ZZ[EIZAILD

99



&L FREOMEAMEMEBR L TRETH L0 E I DARHER, Dl &b HEOREE
HMThHoTHEMIBWTIER LN ETHL EBEZ BND,

B4 T RARE O EREFIRRE OE WA NH, OHE 7 0 XA Th Lk & NH,'
REME (EICHMAEDIC L DRI ONRT U ZAOBENHLHEE LT-, 2009 FEERH1#EIC
DWW T, DHSBR OJAEERK (2 b — VX, EERMX), B8 (22 he—X,

HERINNX) 6 & O HSD O JRIER AR OREH AL E E & e NH,“RNEME 3 EE O & Table5-3

27”3, DHSBR IZEW T, 5T 2 NH, OHE Y o0& A TRIEBMKE AR TR
IRBERI AR CIRE L, AR TIE NHSAREM L TH - 7= (Figure 5-3,5-4), fEd & LT, #lifd
L O NHARBEHE KT D, bk br— X (06) K9 IRZER K=
Fr—/ X (1.1) IZBNWTELL Eho7z (Table 4-2), Z D7z, DHSBR D RIEMRI AL
FRARIZEEANT, KD ERBBML THWLREBIZH D Z LRI, ZhbORiR
[X 2008 FEERER T3 (55 4 %) D OELNRR L R CTH D, £72 HSD OJRIERHRIC
BT DAL E O NH,RNEMEH I35 (0.7) (3 DHSBR OJRIEM AR = > b o
—MZBIT DIV /NS ERHBAREDN LV DHSBR ILE/ARD J773, HSD [LEERAE
IZHART, KD EENA L TWAREICH D LB X b, HREOERZREEE O
ZHRIZONWT, ROEZ v ary (542) IZBWTay br— VR EZEZRRMXIZEIT 5
EHRTO—DERIILESNTELITELET B,

—f%IZ NH, & NOy O REMEA B IIE R O E R ERRF T oA TH D, NH AT
{b3# % 12 DHSBR O JEEM MRk b — LXK &bk o — VKO TEIETRL, &
HIZ NO; REVMEHE L Y K& o7z (Figure 5-3,5-4), L7228 T, NH, OAREEA
DHSBR @ 3 DO/ LD EARBREFF oA LB bz, 2 ORSIE 2008
FRIEE (F48) »oBAOREMELFEETHD, Lo, 2008 HFEE T Tl
T NO, NEMEEEEE 2N N ANEMEEEIC R LT, 1T ACBETE OREL S T2DITxt
LT, 2009 B2 EREY L 72 HHETIE, # NO, AEMEIREE 2 ke N A BN 00 30%F2 % 4

5 Tz (Figure 5-3,5-4), 2D Z &b NH 72T T2 <. NOy OARE L b B
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FRFEE 7oA LBE X O, HSD OJAEMMRIZ OV TS, # NOyT AREN L E DR
N REWMVIEE O 40%FEE % 58 (Figure 5-3,5-4) . NH, O A8k & NOy DO ARE LD iE )5
INHRERERIEF o 2P LEZ LR,

MR 1T, REBMK TR LD FLIREL, 2 TOT 2y b HEIZB VTl
LR & NOJIRE & ORICIEOFBEN A 57z (Figure 5-5), 2D Z &b, JRIER
MEEIZB W TLHEF O NOy D EW DI, @SV HaELEEE, 372 B LR 23R
NO,  AREMLEEICH R TE LS REWZ LICRNT D Z LM Rm®g I, Zhik
2008 FFERINEEN LR ONTRR (F4FE) LRAKTHL, TDO—J7T, 2009 FHRH
LTI NOy AILERE A R E WD 2, MIILIHE & NO, I o I I3 B A% L
bhiginolz, bbb HETO NO IREIL, MHHE & NO, REIMEEHEIZ K-

TRE Ay FR=LENRNTNDLEEXDBND,

542 ZEREFRMEBLIOary bo— A RICBIFHAEHR 72 —DHB

DHSBR D JRIERI I L OO ERIRINX & 2 b o — L [XKIZHB 1T 5 HEMAEm A
A AV ARER T 0 —HELZ LT 5L T BRHAROHRNICE bR IEHE T n—
DEALF L OO B REFIREIZONTEET D,

ERIRMX E 22 b — VKO D | JRFERAR & AR TIL, R A RO
bR ) BN NA F~ ADEE N AB LEE O S, BARSEmME LD
EDRENT, T, LEMAEN AL v RERIZONT, JREBMKTIZa br—L
KL ERRMEIZEB W T/NS o e, IR TITAEEIT 22> 7 (Table 5-1), Mo
etal. (2008) (% DHSBR DJRIEMIAR & IR DEZIRIMX B L= > b — /L XD T3
EWINA T~ ARFIZONWT, FAROREREZRE L TWD, —F, # N (NH,"+NO;)
REEHEIZ D W T RFEBARIC B W TERIRMNX TIE T b — VXD 42%F2EC
B> LTz DIk LT, AT W TIE 136%FREIZHEN L= (Figure 5-3), Z# % AL

(REML) T2 BBAEW A A~ ANRRPDTDH LK - T, ERAELHEE KT
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T5 (BB, BREFEEEEMET 5 2 L IC X > THEMAEY A A~ 2N+
%) ZEIIMETE D, BIIEMRICEB N THZ < ORMAERRICE VT, ERIBMEH
XEFRHIRGUETICH DDA /S A A~ AT 528 (Hart and Stark 1997:
Zhang and Zak 1998) . EHIC O 2L > THAT 5 Z EB@EIN TN D

(Soderstrom et al. 1983: Nohrstedt et al. 1989: Smolander et al. 1994: Arnebrant et al. 1996:
Fisk and Fahey 2001: Corre et al. 2003: Lee and Jose 2003: DeForest et al. 2004: Compton et al.
2004; Wallenstein et al. 2005), F 72, Aberetal. (1992) (XZHEHIRE TV TIIARMA L
HErh oo N REM L B 322 i A R OBARITIS U THIINT 223, 2Rk T4 fafn
DIRRE (Figurel-5: A7 —3) (225 LW T 5B LZERL TWbH, 2 b Ok
ED | JREB T ERZBARIE, HICEORKEE (RT—V3) bbb eEILN
B—F T, MARITERRAREOHRITIE U T, N REYCEESHML TWD Z & h
B, REZICERFIRRETH D Z LB RBEND, SHICAHTHINIKREANH D
FAMOIERIT L b BRI TH 2 ILBEBAARIZIB W TIERHIRIK TH 2124
(ZHAT, BEBMEY S A A~ 20D L EFABLEEDIKT L W o T ADEENR LY
RlEND ETHIEND,

B NOy REMLIEREIZ DWW T, IRFERIAR, ke bio, ERIFMRIZB VT br
—IVKITHARTIRWZ &R &7 (Figure 5-3,5-4), ZHUCHEH LT, NOyDOEIRE

(turnover rate) Z RT3 72T “ET O FFER# (psuedo-residense time, Frissel, 1981)
ZEM L7, NOyIRE Z# NO, RElLIEE CEl-> 72 fE2Y, NOy; W AREkEND £ TD
FLNT ORI & 72 % (Tietema and Wessel, 1992) , FEFZIZIERELLASMT & I BL0AH
VORI 72 E DT vt AT K> TNOy B HE S D720, AEbE TOMERH % 1E
HEIZER L TODRRTIEAR WA, BT Ol FEIE L8P O NOy A Bk E N5 £ T
(2 ENTIZT ORFE DI D I M DIEIE L 72D, £ D NOy D FHT O i I il 2
Table5-3 |Z/R 7, NOy D WLt OUFERER X, JABERIAR, IR E bz, EFRIBMXE O K

Naryhr— L XEYREN, 2F0, ERFRMXTlE=ar br—VXITH~ATNOy
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NEEPCREE SN D £ TR0 5, Tz, AEpd 2 VIERENHIA L
7ZNO; I NO;y DEEHEFICRSHHE L, BRNFICLDKOBEICE bl THH L
RILRDeEZ2OND, IR URERKTS, EFRIBAEN LY LV DHSBR Tl
HSD ([Z R TENT O A ED o 72 (Table 5-3), Zh b OFERIL, EFRMARE
DEERIZIG T, # NOy AELEE /NS <720 £33 T O NOy O FLAT O i iy
FNELS D, 37205 NOy B LA WEREEIC/R D Z & 2R L T\ o,

722 L. EFRRAEOHEKIZE 729 NO; REMEEHE OIX T3 L ORDNT O
REEI DB & VD BIRIZOWT, IREEBMK E MK TIEZ DA D =X a3 e 52 & %
DR, EDLDRBGITEBEBARICBNTEIVEIVBFEDLE NI ZENER T —0D
ARG RN DR SN D, 9, IREMKICIBVTIE, BFRMX TlE=ay bo—LX
IZHART, HEEMAY S A A~ A R NHSAEM L3 36 KO NO; A B ki A3/
S, I AR TIE R RUAEY N A A~ R T R NHS RS 3 R L,
B NOy REMEEE IR T LT D, — i MY TR RE = SRR & L T NOy &
D H NH & iFde &5 2 5 C& 7= (Rice and Tiedje 1989; Jackson et al. 1989), ASHFZEIZ
BOWTHEERERABLT 0 AL NH OREETH D Z EDRRINTND, T/
bbb, BHEHERTICHD EEZLNHRMCBNTIL, EHRBAROHKICE BRI
NH, REN IR DK & NO;s REEEEE O N IFEE) L TWD LRSS, €
T, BEWMAEY AL F~ ZAOWD & NOTAEMEIEE DR T 237 6 i 5 2= Z faFiik g
DJRFERIR & | # NH R EEEE O R &8 NOy ARENME IR DR T 232 b 2 28 3 il
PRI H DR TIE, # NOy AREMLHE DK T & W ) EOBROERIZH DH A =
ALNRIRDZENRBIND, CNHEBETLH L, A% THEINDERAMOEK
IZ& 7o T, # NOy REMEIHE OIR T & H T O EREF OB R E Z 0 5
7%, TRDLNOyOEWABEELLE < RDHDF, FTICERAMREICHY . +
I N A A~ AT D EHRSNDINERKTH D L THITE 5,

AKETHON L) RBEENEMEZEL T, HDOWITMAT 2 MERRER & LB L
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THROND DN, MOFHICE T HHE, &2 WVIFERIRARZ BN E ST
2y FOTHEICBITLHZICONTHER LT M T 208 R H L LEEZ BN
50

543 MILRFMEMAL L TERBREEML
AMFZETIL, CHL T X DIMSTRBIER L OAFEAZFIH LT, M REMEMHL & 1ER

KEMHEEEZZENENERE LT, T CGHZIRMLIERICEBWT, EEHE L TN
BNH,ACH KT D PNOy O AERKIT R b/ h o7 (Table 5-2), DI &g, (1) JRAT
FEMEMEIT CH I X W RIS E S TR Y, (2) fEEFEMEMLOREIL NH,"
TR AHEARESRE DO NOy (£7213 NO,y) Ak & & 2 bivl-, ERSEEM(LIX
DHSBR DJRIERI AR = > b — /L [X | IARERIRINIX IS L O HSD JAFERAR TR b7z

(Figure 5-3) , AH{LEH A3 K =\ DHSBR D JAZERI AR = > b 17—/ /LXK KOV HSD JABERT
HIZFB W T, W b RERREIEMAL 5 8 55N TR HEEE O 20125 ThH 5 &
BEx iz, Lo T, LA K &V DHSBR AEERARIZI VT, FITMATEE
MHAEM OB E I L > THEAAER L TWD EEZ b, ZIE T, W OO %
PR T T, BB L OFTEN R E 4 CE 72 (Schimel et al. 1984; Stroo et al.
1986; Pederson et al. 1999; Brierley and Wood 2001; Grenon et al. 2004; Jordan et al. 2005) , %
DTS, Hartetal. (1997) [FABIZE L RIFRIC, N FMAEARIE L CH, 20 L. #&
PEJR S VERY (LR 2 RIS R Uz, & OfE 3, ALk ORI S ERSAR L83V T
BB SEEMER LI TR ASEIEE (0-5 mg N kg-soil ' day™) @ 60%LL E& 5TV 5 &
L7ce L2 L, Z2O—FH T, %< OFFEEFIL, BMRA T Th > THHEERE
PR DT HIIREL 2N L &R LTS (De Boer et al. 1989, 1992; Tietema et al.
1992; Pennington and Ellis 1993; Barraclough and Puri 1995; Rudebeck and Persson 1998;
Islam et al. 2007; Kuroiwa et al. in review) , Z U5 O T DR OB & LT, #%

FH OO HHETIT, THEEME S D VT AFERVE DN R B E N FAE L. k%
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HoTWBHLEEZ BN TET- (Deboeretal. 1991, 1992 Hart et al. 1997, 25 1 &), ASAFSE
TIE, 6 ETRLIRT HMF9EIZ W T, i EIAEMBHE IR S 2 Y T, 2 b OMfEEE
S EEMEREM DRI A N O LBEICEBRICHFEE L, b2 Ho T o0 E S

MIZHONTERET S,
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Table 5-1. Chemistry of soils of control and N-addition plots in broadleaf forest, and control and N-
addition plots in pine forest at DHSBR and broadleaf forest at HSD

DHSBR HSD
Broadleaf Broadleaf Pine Pine Broadleaf
Control N-addition* Control N-addition*
pH 3.7 3.6 3.8 3.8 4.2
NH,
(N ky-soi) 5.0 (0.2)d 8.4 (0.1)c 16.9 (0.3)a 15.5 (0.3)b 5.2 (0.2)d
(mgN/ksoi) 144 (13) 19.4 (0.2)s 6.9 (0.1)c 6.6 (0.1)c 7.4 (0.9)c
DON 30.8(14)a 309 (04)a  185(04)c  146(08d  25.1 (0.6)b
(ma-N kg-soi) 8(1. 9 (0. 5 (0. 6 (0. 1 (0.
SMB-N* 90.6 (83)b  628(13)c  235(13)d 207 (22)]d 1035 (3.7)a
(e kg-soil) 6 (8. 8(1. 5(1. 7@ 5(3.
Total N 2593.3(112.5)a 2520.5(70.8)a 1717.1(141.7)c 1634.1(107.1)c 1928.0(66.6)b
(mg-N/ kg-soil) . . 5(70. . . _ . .0(66.
CIN 21.7 (0.4)b 21.7 (0.8)b 23.9 (1.5)a 21.5 (1.4)b 21.0 (0.3)b

*N-addition plot where 100 kg-N/ha/yr as NH,NO, has been amended every month since 2003.
**SMB-N; soil microbial biomass N

S.D. in parentheses, n=4

Different letters following the values indicate significant differences among forests (p<0.05) based on
one-way analysis of variance (ANOVA) with Turkey's HSD
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Table 5-2. '*NH,* and NO,~ concentration 2 and 26 hours after >N addition in soils of (A)
control and (B) N-addition plots in broadleaf forest and (C) control and (D) N-addition plots in
pine forest at DHSBR and (E) broadleaf forest at HSD

Plot (mg-N/kg-soil) + 15NH,* ++1SCNE4+ +15NO;- T;Ngs_
2' 12 2' 12
t=2h 4.4 (0.4) 4.8 (0.2) 0.0 (0.0) 0.0 (0.0)
(A) 15NH4+
t=26h 2.9 (0.2) 4.1 (0.5) 0.0 (0.0) 0.0 (0.0)
t=2h 0.3 (0.0) 0.1 (0.0) 6.1 (0.4) 6.2 (0.4)
15N,
t=26h 1.6 (0.1) 0.1 (0.0) 5.8 (0.4) 6.0 (0.3)
t=2h 3.9 (0.2) 4.1 (0.1) 0.0 (0.0) 0.0 (0.0)
(B) 15NH4+
t=26h 3.2 (0.1) 3.8 (0.3) 0.0 (0.0) 0.0 (0.0)
t=2h 0.1 (0.0) 0.1 (0.0) 5.7 (0.3) 5.7 (0.2)
15NO,-
t=26h 0.6 (0.0) 0.1 (0.0) 5.6 (0.1) 5.7 (0.1)
t=2h 4.0 (0.2) 4.1 (0.3) 0.1 (0.0) 0.1 (0.0)
(C) 15NH4+
t=26h 3.6 (0.2) 3.8 (0.0) 0.1 (0.0) 0.1 (0.0)
t=2h 0.0 (0.0) 0.0 (0.0) 5.4 (0.1) 5.0 (0.1)
15NO4~
t=26h 0.1 (0.0) 0.0 (0.0) 5.1 (0.1) 5.2 (0.1)
t=2h 4.0 (0.1) 4.0 (0.2) 0.1 (0.0) 0.1 (0.0)
(D) TNH,
t=26h 3.4 (0.1) 3.5 (0.1) 0.1 (0.0) 0.1 (0.0)
t=2h 0.0 (0.0) 0.0 (0.0) 5.6 (0.1) 5.6 (0.2)
15NO4-
t=26h 0.1 (0.0) 0.0 (0.0) 5.5 (0.1) 5.6 (0.1)
t=2h 5.0 (0.1) 5.0 (0.2) 0.1 (0.0) 0.1 (0.0)
(E) 15NH4+
t=26h 4.7 (0.1) 4.7 (0.2) 0.1 (0.0) 0.1 (0.0)
t=2h 0.1 (0.0) 0.0 (0.0) 5.7 (0.2) 4.1 (0.1)
15N03—
t=26h 0.1 (0.0) 0.0 (0.0) 5.3 (0.0) 5.3 (0.0)

S.D. in parentheses, n=4
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Table 5-3. Net nitrification rates, and NH,*and NO," dynamics in soils of control and N-addition
plots in broadleaf forest, and control and N-addition plots in pine forest at DHSBR and
broadleaf forest at HSD

DHSBR HSD

Broadleaf Pine Broadleaf

Control N-addition Control N-addition

Net nitrification

(mg-N/ kg-soil/ day) 1.8(02b 21(0.1)a 0.0(0.0d 0.0(0.0d 0.4 (0.0)c

autotrophic nitrification

i nlration® 1.1(0.1)b 23(0.2)a 06(0.1)c 0.0(0.0d 0.7 (0.0)c

Pseudo—-residence time
of NO; (day)™

S.E. in parentheses, n=4
Different letters following the values indicate significant differences among forests (p<0.05)
based on one-way analysis of variance (ANOVA) with Turkey's HSD

15.3(2.2)c 924(9.7)a 9.3(1.0)d 584(55)b 6.0(0.8)d
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Figure 5-1. Picture of a 20-g soil sample in a 200-ml
vial. incubated for estimating N flow rates using the
5N isotope dilution technique. The vial are clamp-
sealed with butyl-rubber stopper after N addition.
C,H, was injected into gas phase to inhibit autotrophic
ammonia oxidation.
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autotrophic
nitrification

Figure 5-2. Schematic representations of the major processes affecting
NH,*and NO;™ pool sizes in forest soils discussed in Chap. 5. Net and
gross rates of N mineralization and nitrification are measured in the
absence of plant uptake and leaching and under conditions that
minimize denitrification. Under these conditions net rate estimates are
still influenced by both productive and consumptive processes. For the
NH,* pool, gross mineralization is the productive process; consumptive
processes include abiotic sinks, gross nitrification, microbial
immobilization, and plant uptake. For the NO5~ pool, gross nitrification
is the productive process; consumptive processes include
denitrification, leaching, microbial immobilization, and plant uptake.
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Figure 5-3. Gross rates of (A) mineralization, (B) nitrification, and (C) N immobilization in soils of
control and N-addition plots in broadleaf forest, and control and N-addition plots in pine forest at
DHSBR, and broadleaf forest at HSD, Error bars represent S.E. (n=4). Different letters above the
bars indicate significant differences among forests (p<0.05) based on one-way analysis of variance
(ANOVA) with Turkey's HSD
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Figure 5-4. Characteristics of N transformations in in soils of (A) control and (B) N-addition plots in
broadleaf forest and (C) control and (D) N-addition plots in pine forest at DHSBR, and (E) broadleaf
forest at HSD. Arrows indicate the following: from Org-N (organic N) to NH,*-N, gross mineralization;
from NH,*-N to Org-N, NH,* immobilization; from NH,*-N to NO;-N, gross nitrification; from NO,;~-N to
Org-N, gross NO,~immobilization. The figures adjacent to each arrow and below each circles show the
rates (mg-N kg-soil-! day~') and pool size (mg-N kg-soil-'), respectively. Gross NH,* immobilization
rate was calculated by subtracting gross nitrification rate from gross NH,* consumption rate.
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Figure 5-5. Relationship between net nitrification rate and NO;~
concentration in soils of control and N-addition plots in broadleaf forest
(@ and O) and control and N-addition plots in pine forest (A and A) at
DHSBR, and broadleaf forest at HSD (M) A significant correlation
between them was found (p<0.01, NO;~ concentration = 5.3 x net
nitrification rate +6.6, R2=0.93). Error bars represent S.E. (n=4).
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FBOoE RERAMNRRECOLIPEEBHENRLBEICRITS
RH AL 2 W ek 5 D FR AT

61 HE

WAT, HSEICFHAE L7z X 912, DHSBR OJATERIAR, bk, IREHOEHZ 7 v —
AR U7, AR TR EIC R & R A b iz, £, HSEIIBWVT,
W IR 2 & b 70 5 BHIEAE R O KE 0 1IN R B A I L 5 Z L bR S
Tro LMo TERD X D bR E OBV L, ik Z > TSN E VA O
FAEESCHEEM AR, IEMEDEWVIZHE L TW A AEENRE 2 b D, AEICFIR T 50
FETIE. F 4. S ETHW REPOMAEMRREIC OV TR 24T\, ERt O HEN
DGV 2 MEE LTz,

7 E=T L (NH; — NO,) RISIFEEE (NH; > NOy) RUSOH 1 BFETH Y |
INOFHBEBE Tdh 5, fEsk, MILEEMDT B =T BILME (AOB) & HASHEIE (LN
(NOB) BN HEFOM{bAZ FIZH-TNLHEEIOLNTE, LL, ZTHETICDH
FAVERRMR I35 T AOB DFTEDMERE STV D0, EOIFE{ERITA 72 < AOB 7
MBI ENIEEFEL TN DL2O0TE A EDD > T (Bickman et al. 2003;
Laverman et al. 2005; Schmidt et al. 2007), €O —J7 T, ERRLINTT o E=T 81
7 —%7 (AOA) (Konneke et al. 2005) @ amoA OAFTEEIT, %< OFMETEICHE W T
AOB @ amoA DIFAERE &R THRBED HVIEZ W LA S 4L (Leininger et al.
2006; He et al. 2007; Nicol et al. 2008; Chen et al. 2008: Gubry-Rangin et al. 2010) , AOA 75
PERRTIE T L Z B S MAEMOF -2t Ze> T GE1E, 87 v a3 13),

TRELINETICEENS T U2 =T MLEEZ b o7 — X7 230t S 7o #6123
RNT= amoA R LT R =T BLEEER AT H T —F T ARG EEPIC/FTEL,

TEERCTEBICHLEZH S TWADNE I NEIRHATH S, LrL, L OFH LIRS
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ST, RETIEHEE L amoA ZRAT 57 —F7 % AOA LIRS Z LITT 5,
AREClX, DHSBR 3 X OVHSD @ HHEIZEIT 5, AOB 5 L UV AOA DOIFFE &, FEEM

. RNA fA{ERICHES TEME, BRI OEE 4, 5 B TR L2 bigE & o BIRIE % i

AL, EO XD RMAMEED THET Tt Z FIZH - TW DO EERT 5, BRI

X, FRE () 7B (3) 1T 9.

(1) 54 BIZBWTEHRT 0 — O 217 o A LA v 2 o o by
BEEEAMRAT T 5, 3L G L7 DNA Z#88HE L, AOB, AOA [ZHI3RT
% HHER O amoA FHEBROERB LT 0 — T 21T 9. D amoA FER L
4 BECHEM LRI IEE & OB Z I HOWTHREFT %, 72 Nitrosospira J& NOB
xtgrl Uiz a— U&7,

(2) 35 BICBWCER T 0 —OIT 21T o - EE A HW., 2o ombiMsEy
BESEOMNT 2175, 2 2Tk, HEN O L7- DNA & RNA O G &k L,
AOB B X TN AOA IZHIKT 2 EHEF D amoA FHEBRDERZITV, TOFMERLE
5 TR UM R M LEE & OB DV THRETT 2,

(3) kit (. QDO FAERFHTECMA, BEIKFHFECILOBMERSVICE
BA21795, Eito 32 135012 2009 4E 10 HICFERLZ B84 T, AOB OFfF

1E & % fc e (Most probable number: MPN) {52 K-> CHHET 5,

62 Fik
621 fitE 1+
i 5T, RO3METH D,
(152 1) 2008 4= 9 AICHE L7 18 (55 4 mofii188), Z o 13X DHSBR DX
WK, AR, IBEKO I Fr— KN 6 BFFTONLERL., FhEh

2mm D55 WEELE (FE1E, E7 3 ar1.6), YA R0 EEKRF
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TR R IR R I Lot AR TRl 5 KBRS 5 £ Tid-20°C
TR LT,

(13 2) 2009 4 8 HIZHE L7+ (5 5 =il 1:88), Z 153X DHSBR DX
TR (72 b — VIR (Aspk (=2 b — VX SRR |
BELO HSD DRFEMMKDA T 1> MY 12 BT ONLEHERL, 2 Eh
2mm DS5ELHWEBLZE, ey MEIRGLEGB1E . 73 1.6),
BNOy ZWRINLC 2 MR Lo (OF 5 3) 2. ZORSTIKIRE
FAa2 VTR S, AR CRIRT 2 ERICHEM T 5 F TIE-80°C THEE
FL7-,

(3 3) 2009 45 10 AlZE-B L= +3, Z o 14813 DHSBR DJRIERMK (2> he—
VIK) DTy WA BFTRLERIRL, £ EH 2mm D55 W\ 2@ L2,
BELE GB1E, B v ar 1.6BR), YA b2 b R HEEFR
TSR WL L 72tk 4°C TWIEMRAF L. AFE CRldl 3 2 EBRICHEM T 200

(2 26°C T 72 HF[E R 2 L=,

6.2.2 DNA {35 & Ot RNA #fi i & cDNA & Bk

2008 49 Akt (B3 1) ([co\»WT, £ 187105 g2 DNA Zhli L
7=, 213 ISOIL kit for bead beating (Nippon Gene, Toyama, Japan) % F 7=, flifi DNA
AR (&SR8 100 pl) IFPRE K T 20 (MMM L7 . PCR 7> 7 L— M & LTHEA LT,

2009 4F 8 HERHu 48 (HHE2) ([CHoW\W T, & HEEH 7L 2¢g 7025 Wang etal. (2009)
DIFEIZH & D& | RNA PowerSoil Total RNA Isolation Kit (MO BIO Laboratories Inc., CA,
USA) & RNA PowerSoil DNA Elution Accessory Kit (MO BIO Laboratories Inc.) % VT,
DNA & RNA % [RIFFIZHH U7z, fhiH DNA R (GREAFE: 100 pl) . fhH RNA AR (1&
AR 100 pl) EHIT, BALTWDEMEME ZRET 272 OBBEER Y 7 2 (illustra

MicroSpin™ S-400 HR Columns, GE Healthcare, UK) % H W TR L 7=, BRI L 7=
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DNA R ITIE K T 20 (5 L7, PCR 7> 7 L— & LTl L7z, T L 72 fh
i RNA %1% cDNA G~ e L7z, FIRZLLTFomY Th o, (1) £9. iR DNA
% BrF9 % 72 DNase {LBL A 1T - 7=, TURBO DNA-free Kit (Applied Biosystems Inc., CA,
USA) # H\W\WTHiT- 72, (2) %tV T DNase D% % . RNA Clean & Concentrator -5 (Zymo
Research Co., CA, USA) Z MW\ TiT-7z, (3) MmARIZHHERG PCR & ¢cDNA Gfi%, 7
VX NTT A ~— (6mer, deoxyribonucleotide mixture, Takara Bio Inc., Shiga, Japan) &

SuperScript™ III Reverse Transcriptase (invitrogen, CA, USA) % F\»T{T-> 72, DNse {LE

B L OWHERE PCR & ¢cDNA &l D SOSHRALRL & SOS S % Figure 6-1 (2777,

623 AOA. AOB, NOB #4 ® PCR &

2008 4F 9 HERER 3 (8 1) 1[T>W\W T, AOB, AOA, NOB Zx%f4: & L C PCR %17
>72, AOB Z#xf4:L L7 PCR & LT, AOB @ 16S rRNA i&{n1 & amoA & X —77 v |k
I, ZENENFERIT T A ~—CTO189f-CTO654r (CTO 77 A ~—) (Kowalchuk et al.
1997) 3 X 0¥ amoAlf-amoA2r (Rotthauwe et al. 1997) %\ T, PCR #{T->7=, AOB
? 16S tRNA B+ % % —/# v M nested PCR $1T-7-, (1) £ 24D 16S rRNA
BEFOIREEEEZMEH 2= —3 /L7 TJ 1 ~—m27f -m1492r (Tyson et al.2004) %
FWCHENE L=, (2) %V T, D PCR EMIEIR D . RRIHD ANTPs X°7 7 A < —
% DNA %% < & (Wizard PCR Preps DNA Purification System, Promega, Madison, WI,
USA) ZHWTkRE L, (3) Z® PCR EMIEIR % 50 (GA M LIEkET 7 L— |k
IZL T, CTO 77 A ~—%& W THE PCR 21T > 72,

BT, AOA XI5 ELIZPCR & LT, 7—F7 D amoA &% —7 v NI, FrEH
7" F A < —CrenamoA23f-CrenamoA616r (Konneke et al. 2005; Tourna et al. 2008) % VT,
PCR 1T > 7=, %2, NOB O TH HERETE LT 5 1| 7 /v—7Th % Nitrospira
B &2 %4t L L7= PCR #{T>72, Z® PCR Ti%, 2="—H L7 T A ~—m27f ( |k

W) LR T A ~ —Nspira705r (Fritag et al. 2005) ZfAHHE THW =,
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£ T? PCR L, FEFFRABIEZIZ 720Ky M AKX — METITo 72, Kt
W (25 ul) OFAFIZLL T DY ToH %, 10 x reaction buffer (Applied Biosystems, Foster City,
CA,USA), DNA7 > 7L—hk (1ul), 774 ~— (02uM), dNTPs (0.2 mM each),
MgCl, (250 uM)., 7 MiE7 /L7 2 > (250 uM). AmpliTaq Gold® DNA polymerase (2
unit) (Applied Biosystems), PCR £5f4:(% Table 6-1 (ZF & ¥ 7=, PCR EEMID A XX T H
0 — A7 )VERUKE) THER Lo, WIEN RSN WEEIZiE, PCR FIFEZRD X H I
BIELTz, 7=—V v 7{RE%#-1°C £71% 2°C FIF, DNA 7> 7 L — k% 10 f&#R

L. VA4 7 Vv¥% 35 FTHESL LT,

624 AOA, AOB, NOBHED 7 u—r 53475 ) —@#

ik (623) TH G- PCR EWIRIIL DNA K85 < 2 Wizard PCR Preps DNA

Purification System (Promega) % F\\CTH#L L 7=, %t C pGEM-T Easy Vector (Promega)
ERHWTCTIA S —a BTV, a7 IV Escherichia coli strain JM109 high
efficiency competent cells (Promega) % W\ CIREE#Z T o7z, 70— DA P —
k@ DNA % X7 % — 75 4 < —T7-1 (5-AATACGACTCACTATAG-3") & SP6
(5-GATTTAGGTGACACTATAG-3")% J\ T PCR H¥iiii L. HIEICH W=D &R LT 7 A
~—ZHWT, K73V =/ I 7 A& ¥ — (TaKaRa Bio, Mie, Japan) O3 FELfEAHTIC
&0 HRHEH A R LT,

Y ILEE B O AR [RMER 381X NCBI 7 — & ~X— A (McEntyre and Ostell 2005) % T,
Blastn (Altschul et al. 1997) (2 & > T{T > 72, ABFFE TR bALIZELS & FRIRIE O & VOB
Y%, FmETO L7 7 Lo ARSI E L THWE, E£72. Nitrosomonas J& (AOB) .,
Nitrosospira J& (AOB) . Nitrospira J& (NOB) Ol @ 16S rRNA & 1s 1 O FLEFIX .,
DDBJ/EMBL/GenBank 7 — % ~N—Z i BAG 7o, AWFFE TR DIV ARSI E L7 7 L
AZWHBIN DT T A A MENT ATV BHEETTANC L, TOEEETII A S &I

Clustalw version 2.0 (Larkin et al. 2007)Z U T, X+ v 7 EML I L OV EH & HAENL % bR

118



K%, BB —FE 11, 77— A 7 v 73R ITHE 1000 & L OEBESEICL D %R

s 2 fERk L7z,

625 amoA 2V —HDEE

Bl (622) THGHTZ 2008 49 HERtEHE (4 1) HkoOdhi DNA & ikk LU
2009 £F 8 7 FRHR 448 (158 2) fi ok Ol DNA 365 KOV RNA KISV TLAOA @ amoA
o B —# % & PCR IZ X - THH L7, CrenamoA23f-CrenamoA616r % 77 4 ~—& L
C. StepOne real-time PCR system (Applied Biosystems) % FH\\NTiT-> 72, KIS (20 ul)
DOHAF%IL, 1x Power SYBR green PCR master mixture (Applied Biosystems), DNA 7 > 7
L—hk @Qul), 774 ~— (02uMeach), BLOUVMET LTI 250uM) ThH
o 7o, FEHER R (10° to 10® copies per reaction mixture) (%, AHMF9E T 5 1172 AOA D amoA
7T 7 A b EAWTHER L7z, BUSSAMHFE, 95°C T 15 4312fki & . 95°C T 30 f), 58°C
T30F), 72°C T30s & 40 Y1 7 /L& LTz, PCREDDOF A XNIELNWZ LIFT A1
—AGVEESRPKE) CHERR L 72, E72, 2009 4 8 H SRR - HEH sk Ol DNA J5 U RNA
BIRIZSWT, AOB @ amoA &% —7 v MIER PCR #1T-o7c, 774 ~—I2iF
amoA 1f-amoA2r & T, [AEED SOSIRFLRL TIT - 72, FEYERH (10° to 107 copies per
reaction mixture) X, Nitrosospira multiformis (ATCC 25196") @ amoA 77 7 * > F & H
WTPERR L7z, BOSSAFIE, 95°C T 15 Z3ITfii &, 95°C T 30 £, 58°C T 30 B, 72°C

T30sZ40 Y17 vE LT,

62.6 MPNEIZL 2 AOBHEDOKRH L EER

JREERAR 13D AOB DIFfE &% MPN % (Schmidt and Belser 1983; Suwa et al. 1994)
Lo THH L, ZNETEZLOMETT E=TBILMAEY OB L OERIZ,
B AE L b709 MPNIEBRHWOLNTE R, LMALINET, 2D MPN EOFERRSEM:

TTAOA NIE#INT-Z Lidn<, LER-T, ZOHFETIT AOA OIEMITHRE &
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NpnEBEZ LN, T2 CTARIETIE, MPNIEIZ X » TR S 2 AEMIZ AOA IX
GENBRVERR L, AEBREZ“AOB ORH & ER ENEST D,
MPN EDFNAZLL T DY Th 5, (1) 2009 4 10 AR HHE (15 3) 20 77 A
(FRERETBEZ 10 7T 4) IZEEK 190 mL 2z, V—U 77 Lo X —TH
U, (2) RBAKRZHANVT, 102505 10° (5 £ TO 10 BHFARIEZER L2, (3)
MPN JEDRIREEH S LT, “IK pH Bt (pH 5.5) & “HF pH 551”7 (pH 7.5) Z1ERk L
7o WRIRREHIOAERIZ DU T Table 6-2 12787, EHRFENOT XL F—JHL LT, RE
e HHiR T > =7 A(NH,),S0, F7213/RFHENH,),CO # W=, ¥722bbH, (K pH
21 66, 661, 6608 mg/L O (NH,),SO, £ 721% 3. 30 mg/L O (NH,),CO % . " pH &%
1213 6.6, 66 mg/L D(NH,),SO, & v 7z, HiHd pH ILHAEHIIZ HCL £ 721 Na,CO;
IR CIE L, BT ALBE 02 ym D A L 7 L7 4 L Z — (Corning, Tokyo., Japan)
ZHVTIRE A1 L2, 4 ml 23 RBRE 2oL, (4) £ 21 1ml @ 10 54
RINO THREEZMZ, TAIx Y v 7% Lz, FHRRINZHOE 8005 10 HEDK
B & e, (5) 25°C T 6 M, 12 #EK7#8 L. Schmidt and Belser (1983), Suwa et
al. (1994) ([ZL7223> T, NO, BEW NOyDEME TV —R « £ B AL KIS L -

THER L7,

63 R
631 AOB R4

2008 4 9 AHRE 48 (15 1, DHSBR O JREEMA, bk, IRAEMKD 2 b —/LK)
IZ2W\W T, AOB &% —7%"w MZ L7 PCR (23T, Table 6-1 T/ L7254 TlL 16S
RNA BI5 15 E N amoA ODWTHOHEIES R ohignotz, o, kil (623) ok
FY PCR FMZZHE L7z, FERICHIES b o7-, 72721, AOB ® 16S rRNA
Bin % #—7%5 v FIZ LTz nested PCR Tl IREBMKN /BN 6 T LD O L 2

7T AOB HED 16S IRNABIGF 7 T 7 AL F EIZIZR LY A ADODNA 77 7
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A2 N O¥EENIHER S vz (Figure 6-2), LarL., £ ORI IS < KT OFE
. I S 72 DNA (X 2V E TR 57TV D betaproteobacteria (ZJ& 35 AOB, 72
B Nitrosospira ¥ & OY Nitrosomonas D&%t & 13572 5 IZH 3% 16S rRNA #E {51
TohbZ RSz (Figure 6-3),

2009 4F 8 A ERER 58 (+48 2, DHSBR OJAEERK (2> hr— X, EHREMNX)
BROIM (7 b —/V K ERIMX) . HSD DJAFERIAK) (25U T, AOB D amoA
2 —7%y MIER PCR Z1To 7oy, HEN RO 0 572, Nitrosospira multiformis

(ATCC 25196") D amoA % M\ TYERL L 72 AR #ED> & AOB @ amoA 18151 O IR
JUE 5 x 10* copies g-soil ' & FHH &7,

2009 4F 10 H £ B3 (38 3, DHSBR OJAZERAM (2> hr—/LX)) (220,
AOB Z #—7 v | L7z MPN JEIZIR W T AR KOO ARG RN R 53~
TORBREICBNT, Z ) =R - A B AXA FRIZL D EEAT 2D H, NO, B LU NOy
DAERITHER SN2 oo, T2 H AOB I S vieir o7z, 70k, MPNIEIZ X D

AOB O BRI 1 x 10° copies g-soil ! & FH X7,

632 AOA BE

2008 4 9 AHRE 48 (15 1, DHSBR O JREEMA, bk, IRAEMKD 2 b —/LK)
IZ2W T, AOA @ amoA 134 TOLHES 7175 PCR {EIZI W TR WL 5 ATz,
IRTERIAR, Ik, IREMDDENLIL, 100 11, 11 7 10— D amoA DYFEENS 2 fif i
L. RN 2 LTI DIV BERS & R ek & Figure 6-4 (ZoR" 3, SRR B Cid, AF
HTHOIIZ amoA X3 DDV F AL — (7T A% —1, I, ) (ZHhiilz, TR
WCHRT D10 7m—rnobarn—r b MKRBIORGHKICHKRT 22TO 7 0
—E, 7T AZ IS, IREMKECROEY D n—r Db 1 ya— 3 TR
=12, 47 v —E 7 T AZ—ILITALE Lz, KA THONZT X TDO 7 m— i3,

T R= ARG SN T W BERRO 7 v— o & @D LR R R AR L
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Nitrosopumilus multimus SCM1 CHEHE Cenarchaeum symbiosum 10D AOA &\ =¥ ER

(ZHIRT % AOA L ITRMAVIZH 2 o Tz,

=

fe\W CE R PCRIEIZ L W AOA @ amoA fFIER % fE & L 7= f % Table 6-3 27”7,
AOA @ amoA = B —8UTITIREERMR LIREMROB THEZN A b, £72. AOA D
amoA = B —HUTH 4 BECHEH Lo LEE & oI5V EB (p = 0.003, Gross
nitrification rate = 3.4 x 10”° x abundance of AOA amoA gene — 0.5, *=0.43, n=18) %KL
7= (Figure 6-5) ,

2008 4= 9 A #RH -5 (158 1, DHSBR OJAIERM, bk, IREMD 2 hr—/LX)
[ZDW T, E & PCRIAIZ LV fliH L 72 RNA 35 KX OVDNA O i /5 % F T AOA @ amoA
R TR L, ZOE% Table 6-4 127, AOA O amoA = V' —3 1T bk ¢ R
720 . DHSBR Ok, HSD DJAZERIK, DHSBR OJAIEMMDIEIZ K& < 72 h | %EH
WX & a hr— VX TIEETA NN o7, £7-. cDNA EIZL->THRIND
amoA ® mRNA = E'—¥Z 5\ T4, DNA 2 B —8 L REOHEmEZR LT, X512,
DNA (Z% &5< amoA fFAER L 55 5 T TR L7 Rl & oMICAE
7248E (p <0.05, Gross nitrification rate = 7.0 x 107'° x abundance of AOA amoA gene + 0.2,
r’=0.86, n=5) MFRH L7z (Figure 6-6), £72 mRNA 2% & 5< amoA {F1E & &l
SERFBMEHLEE & ORI A E2FERS (p <0.05. Gross nitrification rate = 1.9 x 107 x

abundance of archaeal amoA transcript + 0.3, *=0.86, n=5) 23R Hi17= (Figure 6-6),

632 NOB R4

2008 4 9 AHRH 48 (15 1, DHSBR O JREEMA, bk, IRAEMKD 2 b —/LK)
IZDWT NOB O Th HHEREIZBWTEL L TWD & X HILTW5 Nitrospira J&
HIEE 2 %I PCR 24T T2, T OFER, &2 TOHEDY 7BV T, Nitrospira JEH
D 16S RNA BinF DRSO FHIS N 5 A XL RIBEOH A X% 6O DNA

7T T A MG, IRTERR, AR BREMK LT EN, 10, 7, 4 T r—
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D DNA 7 7 7 * v MEAI Z figae U R AT 217 - 72 (Figure 6-7) . & Difii i, Nitrospira
FIZIZE 3 528, NOB & L CTHIHALTUW D Nitrospira JEIZILE S 72 IR H Sk O H GRS
FIH G DT, IRIERAR, AR, IBEMRNOEONTZ 7 72— OHIZ, Nitrosospira
BRENEEND 2 EBHERENT, 202 L BIKERK, Wk, BEKO HEFIC

I% Nitrosospira J&? NOB NF1ET 5 Z L DV/R ST,

64 BE
64.1 DHSBREB LU HSD IZEBWTHILEZH > TWEHMAWRSE

ETOTES T NG AOB @D 16S rRRNA iE{51-X° amoA X PCR 12 & - THYME X
nigino7z, AOB @ 16S RNA B FZx5 L+ 2% CTO 77 A ~—% M\ /- nested
PCR TiL, HIEEMN G DA, WIER ST ORKE, T 5H1x AOB LIS OMIEIZ
Hkd 56D Th o7z (Figure 6-3), BEAEMFZEIZIBN TS, AOB DAFTEED /NS U 11
MHIE.CTO 774 ~—Z2HWTH AOB LIS DOMEICH KT LBIn 7 7 7 A B
HESND Z ENHE SN TWD (Bickman et al. 2003; Mahmood et al. 2006), L 72> L,
IHNB OISR EIC PCR FUGEIT LICHIEIC LD, Ledh-> T, ZRETHWHENT
LT ITA7—DIAT Yy T Lo TR SN o o RBMEIX B E TE 2\, D H
R A2 BTS2 7o O RIKIFH FIE TH D MPN IEZ 1T 5 7223, AOB DIEME72 5 NI HY
JHITHER S ehoTc, T HDZ &725 . DHSBR 3 LU HSD O#RM 11 Tid AOB
BEDHFIERENBD ThSWEEZ BN D, BEREICR TS, MRk LTI
AOB DIFEEDN/NI NI &R HE SN TS (Bickman et al. 2003; Schmidt et al. 2007,
Stopnisek et al. 2010) , = O H T ¢, Bickman et al. (2003) [ZEEMESHEER AR LIV T
6 M b OAIRDOWHNT K D FFEFEZHE L7=F55. IMAETNZIE AOB OAFFER M S
Nigmnoizin, T pH O EH L L HIC AOB OEIEN A b2 L 2WE L=, Zh
5D Z L), DHSBR 1 X OV HSD O#RM 15T AOB OFAEEN /NS VDX, 125 pH

DRSO TURNWZ LI K D ATREMEN B A B D,
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AOB L (IHE7e D | AOA DIFEEIIMO TREWVWZ ERH LN Tz, TRbb,
AWFIEDOFT X TOEES T BT 10%- 10° g-soil ' A— % —D AOA D amoA 13D
FFENRD bivz, Ziud, BEfEMEICE T 2 oA L (5 x 10° - 6 x 107
g-soil™") (Boyle-Yahwood et al. 2008; StopniSek et al. 2010) <CFRPEEFFHI 3 (2 x 10° -1
x 10° g-soil)) (Leininger et al. 2006; He et al. 2007; Nicol et al. 2008; Chen et al. 2008:
Gubry-Rangin et al. 2010) THE SN 72fE L Y K&V, F£72, DHSBR OJAEERAM (=
Fr—LX), Ak (e hr—K) | BEK (7 br—LX) O AOA amoA DIF
FEREEE 4 ECHMY LIRMEEE L ORICHEBEN R 57z, £7-, DHSBR /L3
o (mar br— VX ERIFMX) Bk (2 br— X ZRRMX), HSD DJK
TR AR O DNA B LT mRNA (2% & -3< AOA amoA DIFER LS 5 = CH M L 7#h
NERBMEHLEHEE & OIS, ENENAERMEEN O (Figure 6-5, 6-6), ZiU
SO ENG HESRCERMARN R > TWTH, RFEDS A FOFRAKEHEICE N T
XL ACA N T E=T AL Ao TV D FERWEMFETH DL EEA N, Fl2th
ERIFEIC, SRR EER ORMLHEE X AOA DFERICL > TREL I hr—L &
NTWD Z LR sz (Figure 1-8B),

NOB (2 L T, DHSBR DJRIEMIA, bk, IREMIZIBWTNOB O 1 7 /v —7Th
% Nitrosospira JBANE OIFAED MRS STz, L3> T, 472 < & b DHSBR IZH W T,
AOA & NOB 2Mft (ZhEd, 7 & =7 Befb & M ) 2> T\ FEERM

EMHETH D Z LRSI,

642 DHSBR ® AOA O F##k

DHSBR O RIERTAR, IRAM, KD a2 b r— LXK 55 572 AOA @ amoA 7 &
= DIFEALEE TR RIBEREN TV D HEO I RT 53y v —
D amoA HEILFEHN N HHEE S5 7 X/ BRECH & @ W RIEME 2 7 L 72 (Figure 6-4 Z )

H/Honi33rsa—ros 5267 v—r07 X BESNIEFE ORI NG LR
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BB a—r o7 2 JBREYIE L BIC 1 ODY T AX—EEK L7z (Cluster 1),

Cluster III @ Group 2 |\Z& £45 AOA @ amoA DT 2/ FRELFIZ W T | H1[E o Fist
E NS LN “clone AOA C4” OT 2 J BElH| & [F—Tdh -7 (Huaiying Yao,
Zhejiang University, pers. comm.), Yingetal. (2010) &, FEODR CEDRLR D 7 4+ —)L
R22B45 6172 AOA D amoA 7 X/ FRERHI BN EWFRIMEZ R 2 & 248G L T
W5, ZILDDFERIT AOA D amoA DFit & MBI/ A & ORICBIRR H D Z & &
SIZIEPEO LEIZHKT 5 AOA amoA 15 772 5 R 72 2 BEDSTFET 5 2 & &R

LT\,

643 AOA & AOB D4 RE

AOA D% i, (Konneke et al. 2005) LL3E, AOA D/ERERLERIER 6T & ENT O
TEL DR ZRENTNS BB 1 3, 8273 ar 13), LaLl, BERECRNT
AOA N ENTITLICEE L TV D DNTHONTIE, RIEZZD KR INKIBHATH 5,
% < OREERIE T, Btk BBV T AOA OFFFEEDN AOB TR TEH N2 &3 H
HENTWD, Ll ThECEBELEICEDL T, LT DO AOA O amoA =2 B —
B bEE & OMICA B RMEEZ LM L RAIT RV, oL AL OS]

(Nicol et al. 2008; Shen et al. 2008; Di et al. 2010; Ying et al. 2010) TiX, AOB @ amoA {5
TEEDFTN, AOA O amoA TFAEEIZHAT, THHEP O LHE (g b s <Cmb R
Ty ) ERWHEEZRT Z LA HE L TW5, F£72 Jiaand Conrad (2009) <° Di et
al. (2009) 1%, EEFEHE 7o 1B R HEIC BV T, AOA DRHb~D % 513 AOB D% 5
ICHARTENTNS W E NI ERERE LT D,

ZNHORBUZOWVWT, AR LU EORKRE S L12, LT O AOB &
AOA DT U E=T BLIEEDBEVINOERET L, ETARMIEICENT, 4 ELARE
DOFERD SR LHEE & AOA amoA O =2 B —H D=,

GRS bR E) =34x10°x  (AOA amoA = —%) —0.5
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AT, ETH S BEEREOMKEN ORMAIHLHEE & AOA amoA O 2 B —H D

(RIS TR VEPERAL ) =7.0x 107" x (AOA amoA =2 E—%1) +0.2
#4372, —J7. Hawkes etal. (2005) [LFHI-HEIZ35\ T AOB D IFIE & & g bl &
DA EZ2MEAZ AL (P<0.001),

(Ml L) =89 x 10°x (AOB 16S rRNA i#Efx 1= £ —%%) +0.813
EfFlz, ZZTRO2ODRMAEZNL TS, T72bb (1) EHEEICEWTIE AOB 28 E
(b Z > T 5 (Dietal. 2009), (2) ML D amoA = E°—%Li3 2, 16S rRNA Eix
T2 —%IL1 TH% (Nortonetal.2008), =D 2 DD EZEAT 5 L, EFED AOA
BLO AOB IZHT 2 DMHE 25, HHF O ACA O —Miflnd 7= OT & =7 ik
JEPEIT AOB D 0.4 x 107- 1.9 x 107 FREE L HEHI T 5, FEERITIZ AOB, AOA & HIZ—
M & 7= 0 OTEMEIT IR Z L2720 x0T R CoMEEN HE R CIEBINCTH D & IT
RS 720, LoxL, AOA O—H#ildd 7=V O 7 & =7 B biG X AOB OIEMEIZ T
TR ERHERESND, (AOA O—fiflad 7= O 7T =T BLiEE AOB
O—MlaH7=0 OT =T ELIEME) =04 x107*-19x 10 L WO B Z AT 5 &
AOA & AOB OfFELMN D 7e< &6 100 RRELL E TRV E THEF D ACA O7 U E=T
FRALIEMEIZITZ L A E BBV EHEERR TE 5, AR RBIEAIZE TR S ek~ 2+
B> AOA amoA ® 2 & —% L AOB amoA O 2 ' —3 D% Table 6-5 12 F L 0 5, |F
& EDHHET AOA amoA @ =1 B —373 AOB amoA O = ©—¥ % B> TWABHR, %
DI Stopnisek et al. (2010) ZFRIFIZ 1P LA T TH D, L7z > T ERLO L S e HHED
% { Tl AOA DIHL~DFF51% AOB ([ZHR TN/ SN L HEZE S LD, Table 6-5
IZEBW T, Stopnisek et al. (2010) [IFAMEE — MK LEEZ H W o~ A 7 ma XAE
BRAa1TV . AOA @D amoA 73 107 g-soil ! DA — X — THER S4v7=— 5 T, AOB [T &
T, AOA NEITHLEH - TWVWD Z L &/RIB LTV (Stopnisek et al. 2010)

ZD XS AOA & AOB O —flifad 7= 0 O T =T BRILIEMED 21X, AOA D

a4 X3, AOB OMID Y A RNZHRTEHELL/NIWZ EIEKRTLZONE L
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720, HEME AOA OME— D HEERE T & % Nitsopumilus multimus SCM1 OFIIEH A X1
INE L, HE0.17-022um, £ X 0.5-09um OFEFIKRTH D (Konneke et al. 2005), <4
(TR EM 72 AOB TdH 5 Nitrosospira multiformis (1§ 1.0 - 1.5 um, £ & 1.0 - 2.5 um,
/NBEIR) X0 Nitrosomonas europaea (18 0.8 - 0.9 um, £ S 1.0 - 2.0 um, FEEEIR) O
a4 X (Watson et al., 1989) I RE\, T 5 3HTRTEMHER ERE L CEET
% & N.multimus SCM1 OFAEY A XX N. multiformis 3 5 OV N. europaea ® 107 {5 FEE
Th D,

Z I TiE72E, DHSBR ¥ J UV HSD O HHEIZH VT, AOA 73 AOB IZH~THL
<HELHLTWDO0y, Zid DHSBR 3 KO HSD @ LD “iIREREE” M9 ChHDH = L
IR LTS ATEMED & %, DHSBR, HSD & & IZHEVEAR L TH 5 7= 0 Ak 73 i
REPEVE KT DAREREDS S & b SRV EO HEEZ AL TWD 5 2, BRHIICHZ%
FEYEME ORE TIC X > TS BT EIT L TV 5 (Livetal. 2010), L7273 > T AOB
BLOAOA OIEE L 725 NH; 1ZZ D& pKa (2925) @ 2 I KERSY 1L NH, & A F
AEL T (Allison and Prosser 1991), AHFSE & BEAEMFZEDAE R B AOA D 1 Hiifid
b2V 7 o E=T LRI AOB @ 107 f5RE LR S22 L ITRIFFIC, AOA O 1
HARE 23 2 OIGME 2 HERF T~ 5 DIZ B 72 NHy 1Z AOB 1T TIX D00 b 702 & Bk
T %, ZAUE N. multimus SCM1 O NH;#=E (& 5\ 3 apparent Km fH) 2% AOB @
HEERRIC R CTE L (10 5RE) K2 & & %472 (Martens-Habbena 2009),
Uy —2Z (FE) OEPHBD TREINTWDLEMHIZHBWTIEL, 1 /MilaS7z oMES
DV Y —=ADENZVMEKRI Y D RWERO T BN EFRS AR THL LBEZDN
% (Fierer et al. 2007), Z D X 5 72BH 75 AOA 1%, AOB IZIFFIHTE2WZ E DR
ELEY Y—2% (NHy) ZFH+5 2L T, BiEEBIBWTHLEOFER L OEEL
HERF L CW D ABEEDR B Z BN D,

FBEEMZEN R LTV 58 Y . AOA X AOB NAEF T2 DI S 72\ K 5 RBRBEIC

B Lo DA REMED m W, il 21X, Bt 188 (Leininger et al. 2006; He et al. 2007;
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Boyle-Yahwood et al. 2008; Nicol et al. 2008; Chen et al. 2008) Dt (Z ., &% (de la Torre et al.
2008; Reigstad et al. 2008) . NH, V& E DKW EZR EOBREEIZE W T, AOA DIFEEF
TXTEEDS AOB DZEN LD @V &ML TWD, o, ZTRETITHEESATY
% 3FE (4 1 8K) D AOA 122\ T b, IR (Candidatus Nitrososphaera gargensis, Candidatus
Nitrosocaldus yellowstonii) & % WNIINFEREE (N multimus SCM1) 7225 HEE S, 22D
ENOLOEFET =T IREIX, AOB OHREEK LV @& 2KV (de la Torre et al. 2008;
Hatzenpichler et al. 2008; Martens-Habbena et al. 2009) , = ®— 7 C, a2 L Y NH; D R]
FAPED O R RIS BV TR AOB NI E=T ML EZ#H->TEY . AOA @
FEHITENIT/NS O A SN TS (Jia and Conrad 2009; Di et al. 2009), Z 415
D &b, DHSBR 368 KU HSD OFMEIET AOB 128 > T “Mlie” RETHD

2. AOAIC L > TITABARER (HAWIABTICHELY) BETHLILEEZ NS,
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Table 6-1. Primers and PCR amplification conditions

Thermocycling program

Primer set Target gene Annealing  Extention
temp. (°C) time (s)

AOB
CTO189f - CTOB54r (16S rRNA gene) 55 45
Eubacteria
m27f - m1492r (165 rRNA gone) 50 120
amoA1f - amoA2r AOB (amoA) 55 45
CrenamoA23f -
CrenamoA616r Archaea (amoA) 52 60

i . genus Nitrospira
m27f - Nspira705r (16S rRNA gene) 52 80

The general thermocycling program used was as follows: 10 min at 94°C; 25
cycles of 30 s at 94°C, 30 s at the specified annealing temperature, and the
specified extension time at 72°C and a 10-min final extension at 72°C.

Table 6-2. Media composition for culturing ammonia oxidizers (mg/L)

pH* 5.5 5.5 7.5
KH,PO, 20.4 20.4
KoHPO, 26.1
Na,HPO,
MgSO4 i 7H20 5 5 5
CaCl, » 2H,0 2 2 2
Fe-EDTA solution™* 0.1mL 0.1mL 0.1mL
NaHCO; 5 5 5
(NH4)2SO, 6.6, 66, 661, 6608 6.6, 66
(NH2)-.CO 3,30

ATCC 1573 trace
element solution™**

*pH was finally adjusted with HCI or Na,COj3

0.1mL 0.1mL 0.1mL

**Fe-EDTA solution (mg/L)
FeSO4 . 7H20 24.6
EDTA disodium 33.1

***ATCC 1573 trace element solutuion (mg/L)

NaMoQ, ¢ 2H,0 100
MnCl, « 4H,0 200
ZnSQO4 ¢ 7H0 100
COC|2 L 6H20 2

CuSOQO;, * 5H,0 20
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Table 6-3. Abundance of archaeal amoA gene (/g-soil) in soils of broadleaf, pine
and mixed forest at DHSBR

broadleaf pine mixed

Archaeal

9 8 8
amoA gene 1.2+0.1x10%a 9.3 +2.0x108 ab 3.2+0.4x108b

Data are shown as mean + standard error, n=4
Different letters following the values indicate significant differences among forests
(p<0.05) based on one-way analysis of variance (ANOVA) with Turkey's HSD

Table 6-4. Abundance of archaeal amoA gene and transcript (/g-soil) in soils of control and N-addition
plots in broadleaf forest and control and N-addition plots in pine forest at DHSBR, and broadleaf
forest at HSD.

DHSBR HSD
Broadleaf Broadleaf Pine Pine Broadleaf
Control N-addition* Control N-addition*

Archaeal amoA
gene

ﬁ;hsifii'tam"/‘ 1.0 £0.2x109a 9.7 + 2.0x108 b 1.2+ 0.5x108 b 6.3 +3.2x107 ¢ 5.2 +0.1x108 &
Data are shown as mean + standard error, n=4

Different letters following the values indicate significant differences among forests (p<0.05) based on
one-way analysis of variance (ANOVA) with Turkey's HSD

2.7 +1.2x10%a 3.2+ 0.5x10%a 55+ 1.6x108b 4.8 +2.0x108b 1.5+0.2x10°C
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Table 6-5. The ratio of gene abundance of amoA of AOA to that of amoA of AOB
in various types of soil.

soil type pH AOA : AOB* reference

agricultural 49-75 32-125 Nicol et al. (2008)
agricultural 8.3-8.7 7.8-276 Shen et al. (2008)
agricultural 6.9-7.0 54 - 217 Jia and Conrad (2009)
agricultural 4.5 1.8-3.7 Gubry-Rangin et al. (2008)
agricultural 6 0.7-35 Gubry-Rangin et al. (2008)
agricultural 55-7.3 2.3-232 Leininger et al. (2005)
pristine 6.9-7.1 14 - 53 Leininger et al. (2005)
pasture 5.7-6.5 3.0-254 Di et al. (2009)

paddy 6.8 1.2-69.3 Chen (2008)

rhizosphere

forest 4 0.42-1.80 Boyle-Yahwood et al. (2008)
forest 5 n.d.** Boyle-Yahwood et al. (2008)
forest 41 <2.6 x107- 3.9 x 107 Stopnisek et al. (2010)
forest 3.6-42 >9.6x 10 - this study

6.4 x 104"

*AOA : AOB represents the ratio of gene abundance of amoA of AOA to that of
amoA of AOB.

**amoA gene of AOA were not detected from the soil. The detection limit was 5 x
10 copies g of soil

***amoA gene of AOB were not detected from the soil. The detection limit were
not described.

****The detection limit was 5 x 10* copies g' of soil
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RNA template 100 pL
10 x buffer 11 uL

DNase 2 uL
Total 112 pL
!

37°C, 30 min

Random Primer (6 mers) (50 pM)

2 pL (100 pmol)

dNTP mixture (2.5 mM each) 4 uL (1 mM)

RNA template 1 UL (approx. 100 ng)
RNase-free water 6 uL

Total 13 uL

l

65 °C, 5 min

l

on ice for at least 1 min

l

RNA/ primer mixture 13 uL
5 x First-Strand Buffer 4 uL
DTT (0.1 M) 1L
RNaseOUT™ Recombinant RNase Inhibitor (20 U/uL) 1 L
Reverse Transcriptase (200 U/ul) 1l
Total 20 uL

l

25°C 5 min
50 °C (random primers) 60 min
70 °C 15 min
4°C 0

Figure 6-1. Compositions of mixture and conditions for (A) DNase
reaction and (B) Reverse Transcription PCR
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1617 18 19 202122

Figure 6-2. Picture of electrophoresis of DNA fragment amplified using
CTO primers (Kowalchuket al. 1997) targeting 16S RNA gene of
ammonia oxidizing bacteria. Lane 1, 22: size marker, 2-7: DNA
extracted from broadleaf forest soils, 8-13: DNA from pine forest soils,
14-19: DNA from mixed forest soils, 20: positive control (DNA obtained
from agricultural soil), 21: negative control (sterilized water).
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Nitrosospira sp. Ka3 [AY123806]
Nitsosospira tenuis [AJ298746]

Knuc 100 Nitrosospira briensis [AY123800]

=0.02

68.6

Nitrosospira sp. AHBI [X90820]

99.9 Nitrosospira sp. 1117 [AY123809]
Nitrosospira sp. Nsp2 [AY123802]
Nitrosospira multiformis [AY123807]
Nitrosospira sp. NpAV [Y10127]

Nitrosomonas communis [AJ298732]

67.5 Nitrosomonas ureae [AJ298730]

Nitrosomonas europaea [AB070982Y

Clone 4-2 (BL)
Clone 4-12 (BL)
Clone 4-5 (BL)
Clone 4-4 (BL)
~Clone 4-11 (BL)
~Clone 4-3 (BL)
Clone 4-9 (BL)
Clone 4-6 (BL)
100 |Clone 4-1 (BL)
Clone 4-7 (BL)
{ Clone 4-10 (BL)

Azonexus caeni [AB166882]
|Azonexus fungiphilus [AF011350]

99.8

100 'Azonexus fungiphilus [AJ630292]

99.9

68.4

Clone 4-8 (BL)

Schlegelella thermodepolymerans K14 [AY152824]

Leptothrix sp. MBIC3364 [AB015048]
975 Herbaspirillum sp. P64 [AM411937]
Herbaspirillum sp. G8AT [AJO12069]

Oxalobacteraceae bacterium NR179 [DQ520825]

Clone 1-1 (BL)
100 Clone 1-4 (BL)
Clone 1-2 (BL)

Clone 1-5 (BL)
Clone 1-3 (BL)

Nitrosomonas oligotropha [AF272422

88.5 ]
515 87.7 "ENitrosomonas sp. AL212 [AB000699]

Nitrosomonas marina [AF272418]

971 Nitrosomonas aestuarii [AF272420]
r'll\ll'trosomonas eutropha [AY123795]

Nitrosococcus oceani ATCC19707 [AF363287]

Nitrosospira
-lineage

Nitrosomonas
-lineage

Thauera butanivorans |IAM 12574 [AB021377]

Figure 6-3. Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences obtained
by amplification using primers, CTO189f and CTO654r. Bootstrap values higher than 65% are
indicated at nodes. The names beginning with “Clone” denote the sequences obtained in the
present study. BL in the parentheses represent the broadleaf forest, from which the clones
were originated. Taxonomic units with each grey square background shared an identical
sequence within the region analysed. Accession numbers in DDBJ/EMBL/GenBank for the
reference sequences are indicated in the square brackets.
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Candidatus Nitrosocaldus yellowstonii HL72 [EU239961]

Knuc Clone 8-2 EBL_Q
=0.02 agri. soil CSamoA 7 4.9 [EU856186
| ncultured sonl genomic fragment 54d9 [AJ627422]

67.9 Candidatus Nltrososphaera gargensis [EU281321]
" forest sail USA 12B1 [EF5301
100.0 forest soil ( 8H2 5301171]15
70.6

88.3| forest sonﬁ SA) 7 EF530
forest soi EUSAg 12 LEFSSO 26]

966 forest soil (USA) 12E2 [EF530125
forest soil (USA) 11E2 [EF530123] I
forest son &JSA& 9H1 [EF530118
agri. soil amoA 9 4.9[EU856188
agri. soil (UK) CSamoA 6 4.9[EU856185
agri. soil (UK) CSamoA 4 4.9 [EU856183]
agri. soil (UK CSamoA349{ U856182]
forest soil (USA) 5C1 [EF530113
forest soil (USA) 4C2 [EF530111
forest soil (USA) 12C1 [EF530122]
forest SOI| USA) 4B2 [EF530110
agri. soil (UK) CSamoA 10 4.9 6]

—_tea orchard soil (China) 27#29 EGU39 2433

tea orchard son Chlna AOA C57 [FN869075]

tea orchard soil (Chlna AOA C58 [FN369065]
agri. soil (China) AOA-C53 [FJ517 59]

100.0

)

agri. soil (China) AOA-C64 [FJ517364
agri. soil (China) AOA-C63 [FJ517363
Group 1 (3, 11, and 8 clones from BL, P, and M, respectively)
agri. o dhma AOA-C61 FJ174702
agri. saoil (China) AOA-C69 [FJ517366
teélorch%rd soil (Chlna) 46 13[GU39 250]
[— Clone
— agri. soil éhlna AOA-C51 [FJ517358]
s Cone10- M
'f__Clone 10-6
tea orchard son (China) 27#4 [GU396241]
— Clone 1 J
HS AOA I:Sedlment) EU667818
U667981]

6.0l rhizosphere (Denmark) JHR AOA 1
roots (Denmark) JHR AOA 10 [EUB67990
sediment (Denmark) HS AOA 6 [EU66781
agri. soil (Chlna) AOA-C59 [FJ17470. J
ri. soll (China) AOA-C68 [FJ174704]
agri. soil (Chlna OA-C57 [FJ174703]
Clone 8-10 (B

9.3 watershed soll USAé AOA-Cu sG08 LEU339447]

watershed soil (USA) AOA-Cu sHO7 [EU339457
forest soil (Australia) DHO4fR 34 [HM131570] I
forest soil (Australia) FE2NC2B 43 QHM131597J
sediment (USA) W FO7120419E1 [FJ227691]
Group 2 (4 clones from C;
tea orchard soil (China) AOA C4 [FN869059]
forest soil ( USAz(9A2§ F530119
agri. soil (U amoA>5 4. EU856184
agri. soil (UK') CSamoA 1 4.9 [EU85618
forest sonl&Chma AOA-R21 FJ1 4701]
forest soil (China 9 FJ17470é
forest soil (China) AOA-R75 [HM0472 013
forest soil (China) AOA-R12 QHMO4725 ]
forest soil USA) 6B1 EF530 14
agrl 30|I UK) CSamoA EU8 6187
agri UK CSamoA249 EU856181
L forest soil (IUSA) 10G2E F530120

75.2

100.0 forest soil (USA) 5B1 [EF530112
Shotgun sequences in Sargasso seaéAACYO1435967] )
4“___ Cenarchaeum symbiosum A [A marine
997 Nitrosopumilus maritimus SCM1 [EU239959]

Figure 6-4. Neighbour-joining phylogenetic tree based on amino acid sequences of AOA-
amoA. Bootstrap values higher than 65% are indicated at nodes. The names beginning
with “Clone” and “Group” denote the sequences obtained in the present study; the clones
of a Group shared an identical sequence. BL, P, and M in the parentheses represent the
broadleaf, pine, and mixed forests at DHSBR, respectively, from which the clones were
originated. Taxonomic units with each grey square background shared an identical
sequence within the region analysed. Accession numbers in DDBJ/EMBL/GenBank for the
reference sequences are indicated in the square brackets.
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Figure 6-5. Relationship between abundance of archaeal amoA gene and gross
nitrification rate in soils of control plots in broadleaf (@), pine ((J) and mixed forest
(A) at DHSBR. A significant correlation between them was found (p = 0.003,
Gross nitrification rate = 3.4 x 10 x abundance of archaeal amoA gene — 0.49, r?
=0.43).
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Figure 6-6. Relationship between abundance of archaeal amoA gene (A) and
amoA transcripts (B) and gross autotrophic nitrification rates in soils of control
and N-addition plots in broadleaf forest (@ and O) and control and N-addition
plots in pine forest (A and A) at DHSBR, and broadleaf forest at HSD (H). A
significant correlation between them were found ((A), p<0.05, Gross autotrophic
nitrification = 7.0 x 10~ x abundance of archaeal amoA gene + 0.2, R?=0.86),
((B) p<0.05, Gross autotrophic nitrification = 1.9 x 10-° x abundance of archaeall
amoA transcript + 0.3, R2=0.86). Error bars represent S.E. (n=4).
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Clone 16-9 (M) )

— Clone 15-8 (P)

Knuc Clone 15-4 (P)

=0.02 Clone 15-3 (P)
Clone 16-6 (M)
Clone 14-4 (

Clone 15-9 (

Clone 14-12 (BL)

Clone 14-8 (BL)

Clone 14-5 (BL)

Clone 15-12 (P)

Clone 14-1 (BL)

-lolone 14-2 (BL)

Clone 14-10 (BL)

Clone 15-5 (P)

93.6 Nitrospira moscoviensis [X82558]

Nitrospira cf2 moscoviensis SBR1024 [AF155153]

100 Y Nitrospira cf1 moscoviensis SBR1015 [AF155152]

Nitrospira cf3 moscoviensis SBR2046 [AF155155]

Candidatus Nitrospira defluvii [DQ059545]

Candidatus Nitrospira bockiana [EU084879] J

Leptospirillum ferrooxidans DSM 2705 [X86776]

Clone 14-7 (BL)

I Clone 16-2 (M)

Clone 16-1 (M)
Clone 15-10 (P)
Clone 14-3 (BL)
Clone 14-11 (BL)

M
BL
P)

)

Genus Nitrospira
-lineage

100

100

100

Thermodesulfovibrio islandicus [X96726]

Figure 6-7. Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences of
Phylum Nitrospira. Bootstrap values higher than 85% are indicated at nodes. The names
beginning with “Clone” denote the sequences obtained in the present study. BR, P and M
in the parentheses represent the broadleaf, pine and mixed forest, from which the clones
were originated. Taxonomic units with each grey square background shared an identical
sequence within the region analysed. Accession numbers in DDBJ/EMBL/GenBank for the
reference sequences are indicated in the square brackets.
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EHRT7r—HEDOREIZ GCMS FH WL, ETRHO GC/MS DR B LT
TSRO REL AT (5 2 5), T, MAEMORBICEHD DA 2
fi 2 FRFIZ, L OMEICHET DD HEZMHN LI, TOFIEICED, M
Lo REHICE D502 (H,, Ny, 0,, CO, NO, CH,. CO,. N,0) {Z2\T ppm
(10° vol. vol.™") L ~=Lv 5% (102 vol. vol ™) L~ULE TOMEAWVIEE D, kkx e
WAL FRFHCERT A2 Z EDNARBICR T, HICEZR 7 —HEOREIZ L -
THEHERNOIZOWTIE, 250URNIC IO LY TERT DI L& AGEIC LT,
fEVNVT, T NH. NO, . NO,, £RFAMIEER (TDN) OREB IV
PN/UN ZfEICIET 57200 HiEEMxL Lz (B8 3 %), ZOHIETIE, E4H
HINTMEREE, 7P A RIELE 2 BIZBWTHR L GC/MS ¥ 27 A% H
THZLICXY, LRROZBFRILAWOREL L N/MN 2K Y (0 - 1000uM,
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T. TEEH o NH*. NO; . NO, . TDN O#JE R L PN/MN OJIIE %, #EK D 434t
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W E L SDREITITA D LI I oTc, SHICERDOT A EHDLESL Z &
T, hEPOEEREROBEBICNA T, Mk, WE, 77 Ey 7 20k TAER
TLHEHANTA (N, N,O, NO) OAEMREELHEHNTE S, I 2bbIlilbdFik
DRESLIZ K> T, MAEYIEBHCHDL2EROFEER 70— O EZ XTI EZRICHE
THZ DAL 0T,
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712 HEEREKRTEICK T DR

I 34kg-N/ha b O BEREAE 22 36 8 K20 B Wit A3 2w [E /g 56 o> i B4 A7 bk
Dinghushan Biosphere Reserve (DHSBR) O JAIEMIAK (MAHAL, i >400 4F) . fabk
(80 £F) 72 &5 ONTZIRFEM-IME A HE (80 4) I L OMEMIIC 18kg-N/ha & O EFERE =
F MNP A T 5 Heishiding Nature Reserve (HSD) D JAIERIARIZI W T, LR OEFR
7u— (MR - b - ®F (NH, - NOy) AEMLIEEE) oftr 217 -7 (84, 5
), ZOfER, DHSBR OJREMMK (a2 br— X)), Bk (2 hr—/LX),
BAEH (a2 be—/VX) 28V TEEPORER{, NH A8, 55X NOy
RELOEEIIIHERB CTHEZEIR N ol —T7 . BENKRTH 2 RE/MKD
AL BT DI RRIR BRI TEHE LS @mh o7, £ GH, EEEZ W T,

FOE R R AR AL BT & N R B L E 2 T ENFEH Lo 25, &Vl

L EE 23 L 57U 7= DHSBR 3 L O HSD O JEZER AR IZ F8 U T, I A7 S 2 MR AL S FA A
L EE D 80%LL L& HT- (555 ),

Z 2T MR DT 21T o 72 (5 6 B), ZOfEH. AOB [Tt S h s
Nole—J7 T, AOA @ amoA 3% T8 1 77 b0 100005 10° = & —FLE 7 AE
THZEBHLNI T, EHIZEEFD AOA amoA ® DNA = —# B LW
mRNA = & — % & MR B LR E & ORICIEOHBERR O b, 2D &
M| ARERIRARDER > TWVWTEH, RV A FOZRAKLETIT AOA 2
TroE=TBIEEH TW L EERMAENHETH L LEZX DN, 72 NOB bk
HEh7zZ &b AOA BEE L NOB HEENHILZ EICH - TWH Z &R S
7o [FRFIC, &R LR ORMIHEE L ACA DFMARICL > TREav bn
—LE, BAREORMLEEDERIT AOA OFERBINEHOERIZE D b
DTHDHIENRBRINT,

TIIARFIEY A4 POBARLHEIZB T, 28 EIC ACA N T VE=T L ZH N,

AOB (T & B MSLRFVEMAL PR R B LOEBITRA SN RNDTH S 5, T
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DERBERO— DT A S OFATEDS “WRBER” THLILDEEILN
5o HEVERTEETH D 720 B N ELTREYE IS DFEEREL b & b &RV
BaxALTWD I 2, RYICOEL2MUEMEOR TIZX > TS HICEmMEL1’ETL
TW5 (Liu et al. 2010), L7235 T AOB B XN AOA OFEE L 72 5 NH, 1% D&
VY pKa @ X ITKRETIE NHS ~E A A b LT D, ZD72H AOB T & - TIFHEE
L7 ANH, AN FE LSHIBRINA DI FIEENHBD T/haNEEX LD,
ZD—F T, AOA DIFIERIIM ORI T8 (FRAR, B, B (2B 0v» THE
SNTAE L HERTHZ 0, AR & BEEM RO LS. AOA O 1 Mifladh7= v 7 v
F=TLEEIXZAOB D 10 RETH DL Z LA RB I, 20O Z LILFFFIZ AOA
D 1 MR 2 OFEME 2 MERF 32 DIZHE R NH; D&Y AOB ([N TIE D N7z
WZ L EEBEWRT DS, ZHIEFIEM AOA OME— O HEEKK TH 5 Nitrosopumilus
multimus SCM1 O % NH, ¥ ($H %\ ME apparent Km fi) 7% AOB O HiEERE 1 Eb A~
THELL (IOEFRRE) K2 & & AT 5 (Martens-Habbena 2009), U Y — & (%
H) OEMBD TREI N TWDEREICEBNTE, 1| 4720 oXEST LY V—
ADENZNMEK LD LR WEEKO TN EGFERS EARITHLEEZLND

(Fierer et al. 2007), Z ® X 9 7B M 225 AOA IE, AOB IZIFFIH TE R WIZ E DR
ELYY—2 (NHy) #FHT25Z&T, LRI THZOFEREKOE
MZMERFL T D AR B X BN D,

R R BYELIZ OWN T, RIS ST DT D MAEM N ARIBER H D VI
NH,/ ZF 3 5 B2 NO;,R° NO, AR T H 2 &N I NETICHMSEN TS (Focht
and Verstraete 1977), L 7> L. T8 REVEMAY O MEILIEEIX AOB O HiEEkK 1%
IZEEARTEMNITIRY (107 - 10 F L T) Z &3 ST % (Focht and Verstraete
1977), ZRCH b LT | EREEEMENBIERA T CEBT S L oL
TEZ LN TEERIHEIL, AOB MM HEEER BT I IS T & 22y (BRMERMA L

HBIZBWTY AOB IXHFAELEDINHFAEEN/NI W) IZHEDL LT, RIEARMK T
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IZBWTHERRO 5D Z L2k D (Allison and Prosser 1991, Hart et al. 19997) ,
L2r L, ARHFZEICEB W TIE, ACA BERMERM EEIZBWTTY v E=T L2 H - T
WD EERWBAEMETH DL Z PRI AR I, 2k, Bk kg
KB LD bR REMEMAE S T D & D 1R DR D %2 M 13 MGE

SNLHRETHLLHEZEZADND,

713 HEERAEALHEOERMATEE

DHSBR ® 7 ¢ —/L RIZBIT 2 EFHED O ILEM M ITERRREICH D |
HELNREHIZZOMBEMICH D ZERTFREN TS (5 13F), &2 TR
T, TEPOER TN LHRROERMABELZILICERLE, 2T
DHSBR O BT I51F 5 NHAEE O 7 ot 2 DFER NS K KD %R HEHFRE O
R A RRE Uiz, BRMHE TR NH AEMEEEICARETR AR N7 —FH T, #
AR B IR BER AR IC B VT, MR B L RARICHERTE L KE ot (H4
58), 2O ENLIREBMICE N TRHARLIRE I ST HEBEWICHT 5=
FOEHERELS, TNOZERBMN LV EITLTHWIREIZH D Z L AHEH S
iz VT, JRZERIAR & IR B SN R BWIMNE 2 5 CERMX (2> b
2= VX)) OLEFOMAEY NS A~ AL BER T 0 — R LR, REERAKT
TR RIRIMX O HIRBAEM ASA I~ ZAERPERMEI T/ <, EFEAHTL
N BEIRMNKE D 42%FEICE TR T L TWE0ISx LT, kTR B8 AED A
ATV AERIZOWTIIEN R ST, ERAHEEE T 136%F2EEITH R L T
W (FS58), ZOZENLIREBMKIIERMMBARORKER (F1%8) b
DT, ARIERIZERBIRIREICHD Z LR R ENT,

COXDREFRMMBEDZEDN, RITHAEDELZLIDILOROPKEIZL DD
RO, KFEOERENSOLTITHW TE ARV, L, —EOICHEKAIKET

HIZONTHYDS TEPICER N ERE I LTV (Vitousek and Reiners 1975;
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Pregitze and Euskirchen 2004; Davidson et al. 2007), & O #& %, WAL TITER DO 7 —
Nt A ARTEBREENREL Y | EROAFRERELS 2D, TRbbLERMMIC

ITWARERICR > TN EFEX BN TS, (5 1 %), DHSBR 28\ TEZER
(X 400 4L EARGE S - MARAR (BREAVBK) TH Y| REICDIL - TEENERM SN
T&T, Z2O—F, RASLEEGHKITFWHRATHY | M2 TIRAER U & — 3L HE
ENTE Tz, TOME, REMMK MK EZIKRT 2 & REBMKO T RERD T —
N A ARBRBRIFENRKRE N ERHESNTWD B 1 ®), 20X 78
H2b, TNETZ TELERHAMITED L THIEY A~ OJREBRITIRARIC
NTEHFAANCEVREBICH D Z LN RSN D,

it g & L72iigE A ~ HSD OB D E R E T L 5 TH A 9 7>, HSD
O IREERIARIZ B0 TR NH AR L E B (X DHSBR O Rk & [RIFRE T o 7223, KR
{L3E 1L DHSBR Dbk L 0 5 < IRFEBKR L VK)o 72, M EEEIC SN TS
FIEECToH D, F 7z HSD OJLHER O Ml H DHSBR ORI R TR E < | IRHEM
HIZHEASNT/hEVE PRENTWD, 2RH D Z L6 HSD O JLEER AL DHSBR

DIMICEE R TERBAMAEIT L TV DREBICH 525, IRFE/KIT LT L T

WEHEE SN D,
714 TRINDIEFAMOBERKIZE LR IEBEME T 2 AOEL

DHSBR DO JREERIARIZIE N T, MARLE AR TEF O NOREN &<,
F72EEOcm 05 20em IZBWTAKOBENZ L H 72> TEEDO NO, DEM L TV 5
ZELWESNA TS, AHFFRICEBW T, HSD O RIEM AR LG &0 MY bk E

(=HH LI E — # NOy AEML#E) & RO NO;IRE & O TIEDMHEAFR
Do (B4, 5%), 2O LD, DHSBR O JRZER AR Tl L8 H o gk
FEDE NOy REMEIEEIC R TE L B0, TEFO NO7RENEL 20

FLEENPALEDONO,BERL TWD LEZX bR, £Z T, EHAMOE KN
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THEFOEHFE T o —ICRIFTEEBICOWVWT, NO,yOBIEICEH LM L7, NO, »
BEZ /R T 72O NOy D “Hnido” MR MaBH Lz, REBK, ke bi
EFRIRIM X TITHERIMN XA LT NOy @ BT O EREHE A& < | Eld DV IEt
AL7Z NOIE NOyOEFHEPICLIV RSB LEDL EBEADNT, T72DL,
TRENDZKEAD DL DOEFRAMOBKRIZE 72> T, B85 NOy A IEFE R I
PENRLTRDEMETE D, EL, EREMBNRLHER SN DIREBKE =
HHIRAREHER SN DMK TITZOBERICH D A D= X LN R otz JRIEMMKT
X, LEBAEMNA A~ AR & NOyARELEE O TN X, LEP O NOy
BEOHRN/MEE > THEIHNRES kol B X bz, —F, EHRMHIRHKOR
ARTIE, LAY OEFRERENE OO, B NH, REH L E OH K & NO,
FEMLEEOK TNEE L TWHEEX bR, £7 40— L RIZBWTH, Bk
TIIBMDREEEICH DO DOEREREN GV, ZhbDZ &aika LT
EBZ2DHE, TTICEFZMIREICS DEEMMKICBNT, 4% THREINLDIRIANS
DEBZBAMOEKITE b 2> T, BEENDS NOyAIEERICIEM ST b L

ZZ 5,

72 WEBEBAFENRICK T LERHR?» O EREN~DEST
AWFZETHRONTFA (Ed) B X OBEEOH M E IS & d [E A
R LD X DI L TERHRIED b ERMFRE~ET T 200, £F70—0
BN OBET D, 7272 L. KO MBIERE S XL OEA DR 2 BHKN 655
N EICHEETORENRD D,

P O (B D VI Z R RA) (230 TiTsemL#EE 2/~ & < O NH,'
DRE/TIEAREIE S D (DHSBR Iatka s bo— KB XCREGHKNSE L
T=2E0), TOBRBTIIHRROERMEHRE (V7 =4k, 2WHEE) 13/hS

VY (Mo et al. 2006; Fang et al. 2009) , = F i A& O KIZIE U T NH, O R E{L A2
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HEX5 (DHSBR MHERIRIMENOHELNTZT —Z L V), 2, HFHERPLET
5 (D WVITEBMARENEITT 5) LB - T, WY LERICEHZ N EH
SN TEFMERFE N K E < 72V (Vitousek and Reiners 1975; Pregitze and Euskirchen
2004; Davidson et al. 2007) ., TEERHMAEM A A~ 2B H RE 2> TW< (DHSBR
B L OVHSD O JRIERI D 15 BT — # 35 L O Pregitze and Euskirchen (2004)
V). £, £ CN &5 W HEFEAEY DRI - FIHT 5 A4 C - N O
CNBMETFT 2 (CIZxtLTNMNELL725) (Galloway et al. 2003; Fang et al. 2006) ,
TSI A IR T 2 BFBOFRMEN K E <220 NHS B4 (AOA)
CHFHEND XL 912720, AOA DIFEEB I ORMILHEEN KE L 2o TWL

(DHSBR JRZEM AR, R, IREMDPOELNTZT—F L V), £z, TRICLY L=
BORMEALMEE SN D (Van Miegroet 1984) , #iflfbsE bR BIC K& 20, +
B NO;RE N E < 72 % (DHSBR B L NHSD O REM KN LHE LT —4 &
D), TD=H NOy DIEMENEINT 5 (Fang et al. 2010), 7=72 L. HHEMAEMMA
X NH, & & B2 NOSIZHOWTH LT D7z, il s B IR A A 12 e~ T
/INEWN (HSD IREER A B B 727 — 2 F L O Davidson etal. (1992) £ V), #
MORRE (b5 WVITERMARBOLELT) ITLER o T, RN TEHROWAR LI
HEMZIEFRBEICRY, SHICKEANOIMAT HEZRNMNb > THRHED F AKX
%< 72 % (Fang et al. 2009 3 X (X DHSBR JR MKz b — VKb &b T
— X X)), TO%ILIZERB|ARNE KT DL, HEBAEMIC L 2 EFRFLHE
FEOIRT & HIEBAEM A A~ 2D E 5 (DHSBR JABEB AR EE 2 IRINX 7>
LROLNTZT =X L0), KRN DOERMARDE KT H—J T ML EN AOA
DIFERER L O LEE ORI R 53, LR O NOREIXH KL T\

(DHSBR RIEMMKERTME O/ ONTET—X L 0), RIS, KoBEHIC L
B2 EE D NOy I FE Y IZ R LTy < (Ohte et al. 2003; Fang et al. 2009)

HERBIPRARAE D B ERFREBA~DETZ, 2O LD RER 70— bHELE
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TBHIENAETH 5,

73 SBORERE

B1EICRNZLBY, BEBBRAN =R LEHMET 57201018, BEFER 0
AL TOERBERIZKRESLSEHDDL (HOI2WEFXTDOT v A 2HoTWD) ME
MBELEZ) V7 SHLZENEETHS (Figure 1-8), ABFSETIX, AOA DAFTE
BN OTEEDIZES A PO HBICB T 2RI ERELZRE S 3 fr—r L TW
HZlE, ENEFNOERMBIZESWTORT Z ENTE - (Figurel-8 (B)), L
L., EO XS RBEEERNN AOA OIFMERCIEMEE BT 2 Oz >\ Tid, B
7R BLINC B S 2o Tz, ABFFETIE, BEEMITE L DLk H AOA FEEE DA REHY
FRPEIZ DWW TB R L, BREER & MAEDKEOMKRZ X M T 57012
X, £ AOA HEDEH LB L OB FIEENOHATILEN DD, TD
72T AOA % TEEN G BE LT T 2 R H 5, 2 E TITHTIRM ACA & L
THOT 0 1ER. N.multimus SCM1 SEHRENSHEES Wiz TH Y | LHEERE
O DHEEDHEITRIZICRV, BRMWEA D =X LOHPDIZHIZIT 1 AOA
DL ERBIIANVIRRAT v T THLEEZBND,

F1IEREIIBWT, SBERVEFRAMPBEEIIRD ETRINDIET DT OB -
B E R R L L ERMRICHETIMAOEEME LR, —F, I—m v
RAEKIZB W TIE, 1980 RO ERMERICHT DML EAICITDODATE TH
D, LOLRRDH, 3—a y NRJKROBRKR LRIV TEH, EHRMBRICKE H
DLHLNEZDOT Y AL H o TV DLMAEMREEIC OV TONZEITIZE A ETT
I T2 (Compton et al. 2004; Nugroho et al. 2005) , ANAF4E TH: S 417 20 /23
EHAFEHROHLTH LD 2 =— 2 RBIRR O OIS 5V T K ICE

FOMML LB CL A O N DR RO, SLRDIMEBLETH D,
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74 E&IC

ARBFIED B b BRI OREIT. TR O ETEBRAFIE & AW AERR A E B b
e Thd, TORDITUBEREREWD "N DO O FEE L L T
EF7n—Z2Em L, FLEEMY. SNy FABFRFIELZ W T LEBADEE
LOMTEITV, TNOHOT =252V 7 IHHTENTET, Tobb, £FE
FAREE DR 72 2 R MEICB N T HEORILEEICRERERN DL Z L, £,
ZDOEREDHCMEDHEDFIEEB L WNEHIC Lo THHTE L2 L2 RT 2
EMWTEI,

INECTORMKOEHRMERICHET 2R TIZ, [k, 4k, HEoOBE SR L
MWEZREERZHE T 5 EERBREERNE L THIT SN T, 1980 FFfR LD, B5F
AW O RICKT DHEREEBRDIGEICOWVWTEACHFEIND L H Ty, BREE
R R EEEOBEBRBIEE IND Lo, LA LINET, ibaE 5K
B E RO ERBREZE O DT HHEITIE LA L olz, KIFRTH LR
TeR AT, ERWEMBICE W THAEVHEOHELZZRICAND Z L OBEE M,
R LTV 5D,

Brld, RARRR EOREICBIT 2MAEWREIZONT, LAtk v@Enic%<
DIEREBHLNLD LD oTe, TORR, ED X I REAEMNED X D RGATIZ W
HONENHIERIZZE- LoD, LirL, BEFOMAEMICET 2HEDEL
X “HOMEMHENFEL TVD” HHWIE “HFHHNTHL” ZeaxrTicey
FV ., WMAEDHEOFIEESMM E ZDOABREREZ BH#ENICHE DT 5 Z L ITHK
Dy LT RIEFEE D, ZHE2F 0, TSIk ER LI L IXE 2. 5
EMBEDNERERROBELZHREFT AT-DICENTETEETH L O EEBHITR
TZEIFERL L TRHETHD Z L 2BERT 5, 2R THRIED, AL OM
i & BERE & OV 1 DR ~O B ML, MAEMAERFIZEWTEHETHD, 2

NRKEDRADEZHATH LD,
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