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BB FHELAZNENREIRAS (Robot R0 , WFAARFAD K BRIFHN LI A [F 4 5 KAl
BRRBNAE N, IS HI XU (DCD) X Btz H 3% N,O HESI R . 45 30 B HI%
A ERITHR, NoO HEBUE 455 R4 (P<<0.001) , M E AT T 3% O, )5, N,O HiEAE T
TR A (1%%0) KPR 30%. WRINERIE MRS T A AT T 138 N,O FI N, = A, R33N T o
AR FIRRAEIEENT NO ITTER S (P<0.01) o TEfYESR 3% O, T, 5K DCD HIAFAHLL, K
B N ELIE I DCD Ji= » NoO AIHERIZ S FEAK T 64.4%71 88.8%, [AIINF N, HER: Sl F41IK T 23.4%71 18.6%.
MRS EE 3% Oy, EEAR TC BRI N (¥ Ak F A A 200 B S A A6 /E FH X NLO HETBU TR A 17.29%38 N 55 42.6%,
B T HE B R 2R B, RS IAN B SRS AL AR FH X B0t S FE 48 NLO HEBUI BT R /N o ARHIE 5 BT FH - 458
pH i, ELAIN DCD fIALFERE 75 1 5 iR Sh AL AT, 7R D A - SO FE T REAR 38 R, %
Jti=% FH =358 NoO HES B R A A AR S 5 AE R o 5 70 IO TR 6 358 NLO HESUY B sk K, Tt
HRIEBEECN R R ZAE T .

KR Ao B NO: HIHMAHRNE M RAdA: S mie: T4 s
FESES X5l XHAFRIRAS A

T8 N,O = A R R A b S IR CEFER AN [ AE 4L (Nitrifier
denitrification, ND)FI5HS1LAHAE & 1 AL (Nitrification-coupled denitrification, NCD)) .
SFERAGFI IR RS LIEFE (Heterotrophic denitrification, HD) ™, Bifik 745k 70%LA 111
N,O HE. o, RASLIERE, TR FIRRBMAENFI NOs1E AR T 2Rz
)59 NOy '« NO NoO %08 Ny B HE, 8 A /2 12358 N,O P2 AR B4 . (H2,
IR REM TR, & nirk ER 2 A L40% (Ammonia-oxidizing bacteria, AOB) H|
FI NH, 8774 B 7, 38 5 NO, 2l NLO 9 ND i #2, [IREXS 328 NLO HEjik BA 5 2 5kl
FEA BSR4 1F T, ND AR H 4 NLO (M TTik i H 2 i 7 or e padt et Fimt, 579%
FAHACIAE ) AR A FR P2 A2 1 NO N T2 M R AR A R B, R N S A AR R & 1
JRAAIEFE (NCD) , FIFEXT NoO HEscf EE Tk, seah, fEmil. BRIs7e 2 mmiE+
RN 7K Ab T 2R G Y, R 24 B A S R 4 B M T T8 NH B HUE S B E IR 4L 9 NOy
RAFFAAE, 12 5 IR R AT DU T Ui RS 2E NoO, BN AN AL- %
44kt FE (Simultaneous nitrification-denitrification, SND) [,
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A R R L3 NL,O HERUW S — N, IRESMET HD & 13 N,O Hiik
(3 R, AR R E T 3 N0 19 EEkUEN; ND A1 HD Xt NLO [ Tk S b
F A R TR TR, B ND xR A S OmHE T HD 340, kT A
o JE SRR A, IR T &R NO 7oA 48 AT FEAS A (s 2 (R R I R A, Bk
RARAEHIE N,O HEURA FIFAEEDR, (B, S2RMIFBRRMEm, REKET&%RE
XF NoO HERL I A XS BT MR A7 7E S 1o

/AR e i (=L /1a B SNy 1 W73 € B /DR 1 ) WS s i w21 A S A B o by LY =R N AR
SENKEMANUIES, X4 8 80+ A 2. 3 75 2 B Bh T & A58
SR AEAAE DY, BRI N,O HESG (Ht AR, S8 IS T AN RS Bt ) A 2 ke s
T NO Mk JEPY, 2, BRIEA 2 S NO, I E R, NO 1E AR AL AN R A
AL AR o 8] 7=, 15 38 NLO HERCE AR M), Bt Rl A R B 4 4 18 3 i 338 NLO HEL,
B = F 22 HAE X NL,O HERU R Z KRG 7T -

AR FE PRI BB SR E X 48, W E AR 0 TR SN, B ) g
NLO HE 52 ; [5] i 3¢ B 8 I XU EUi% ( Dicyandiamide, DCD) AL EE, 43 B AN [5] 4853 15 (0%
1%. 3%. 10%7F1 21%) FIFKIEHEN T A AA SAH IS AR 0T 1438 NL,O HEI B AHXT DTk, LAHA
Vit F 338 NoO JRCHEFE it i ) i B2 L BV A

1 RPRHS 1k

1.1 KAt R HIRFESR

HER R 5 T R E AR MR 22 L R E RS U BE (36B5'N, 118B7'E) f—A~H i
FEMAE, ZAKKET 2007 4, MHEASRNN—FEWNFEMN. R ARX &, Fo
T RERIERE, B A I INFE AT . I/ N REF AN FOKFE AT o ASHH FEade B ) A
mi SR TR AN FOKFE AT AL B, 1 A BN E AR K 2= 183 HE B9 309 mm, Tt AEALEE N
P,0s. K,0 $E N &43 514 204 kg hm™?., 229 kg hm™? F1 526 kg hm?; EKFEFTHANE N 8 t hm?

CFH24T 109 kg hm2 & LA K% 3 406 kg hm %) ;T S 36AE L0, P20 FH B AR 24 T 210

kg hm™® %A1 1 984 kg hm? i, 2014 4F 7 A & AR5 R4 0~20 cm HIFER, FE0MB S G
i 2 mm FERF & %R NH,-NL NO3-N &840 514 4.35. 75.24 mg kg™, 4%
1.31gkg™, 4t 17.9 g kg, HHLK 12.40 g kg™, A &LHE 150 mg kg™, A4 483 mg kg™,
PH 8.02. 7 KR 5 1T 245 AT 2 W, Fan 25wt 7t
1.2 REWIH 55

NEBETIFEPHER (NOy) Bl &R mmeaSa (NHD RS, Wi
T 2 B TS kit A 4 DA ER NOg-N KT 20 mg kg™, /K7 HRE L EFRES
JKEA 100~150 g kg™t Z A, i 2 mm 5, BRI R E T 4CKEME AN, it
435 NH,*-N. NO3-N &84 9 3.37 mg kg #18.03mg kg™, 4% 1.10 g kg™, 4% 15.80
gkgl, AHLEK 10.81 g kg™, A RHE 117 mg kg, B 416 mg kg?, pH 8.01.

LK YRS H3E I HEATE T %, 30mg kg™t (BAN i, FHED  NHNO3 AR, B&
FiR 4 (CsHgNO,Na H,0) BRI, 5B ARSI Z BRI B AL EE (T1) FI7%hn 184.8 mg kg™

(BLCH, FRDAZERSAIIALELCT2) , Wi R Ak 5 435 R 5 B R0/ B DCD(50 mg kg™

FIALFE, WFFE DCD 7E 0%. 1%. 3%. 10%Al 21%% 70k (Ol /He B &S4E, TR FAHK
2 3% NoO FIIRHER R . N T #E— Bk T1 RHEFAEMET NO PR RN, ARYE
AARMEISE R, JREL O NSRS A, FD T E AT IR TE R I - R SR AR
H1NO, « NO3 #Il NH, HIZh& b . K5I [A4 108 h, fAMbEE 3 MEE.
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BARFRRIS B AE A PRI T 10.0 g b LB A fiAb 3 AT 120 mL i, A
SR I LB T KB E AR (NH;NO3. CsHgNO4Na H,0 5 DCD) (13435 2%
WiE IR, T IR RS KRy 250 g kgte TR LG AR o 2 ) I A 43 )
0%-. 1%-. 3%-. 10%. 21%HIESFE S (OHe) HRES (AR EidiES- TSR
gt (MBERHEARAT, b5 WA 4R, Ha— IR 5 mAR SR L] O/He TR G
A, P IE R ASUE SR e IS R E T 20°CIER /KIS bk T35 9%, R Robot 3
R R ARG 6 h ELRES IR MTE A N,Ov Ny Al CO, IR EEA b . 15 R AR AP AR
AR ZE R, 8 B PR S A B e S R R A A (99.9%, viv) , GERR I i E
EMAS &,

1.3 HIESHREXSHENE

R 55 7748 A B B ZE$E Robot H BB 7R R 40, SERFTELEIEIN Oon NoOL Npy CO, I3)
BB ZRGHEREFR RS AN REF R =5 R, SE T R 9%
KFES AT R A0 3 S AR . THIRRE IR R G EAFEEIR KB 84 (0~40°C) MLIEHH.
DA [ 5 L35 AT B AR ZE M R CRTCE. 44 4> 120 mL WIS RD 3 ARG E 3
HEFEAR (Gilson Model 222, Gilson, D FliEz3E (Gilson Minipuls 3, Gilson, % E) #hL,
It Python 4mfRis & 1= B ZRAEDIRE: AUAS T A SR FAMEE (TCD) | BT
A28 (ECD) AIE S ALK S (FID) S AR (Agilent 7890A, EE) 4%,
Refig 5 N,O (ECD. TCD) . N, (TCD) . CO, (TCD) fil O, (TCD) W&&. %A%
IR IR 382 BERE HERRAS I N, 17840 R AE IS REH N, 195 SR B . % Robot H 2% 77
R HIEATBHLN T T 2 W, Molstad ik o

SRS NHS D NOS I & & A 1 mol L KCI ¥ Wi 2 J5 B 823 3h 4 A

(TRACCS2000, f#[E) Jlsg. HIETMHER. SF. . G, G20 . #d. pH
M 2 SCHR[16]
1.4 HIELIE

TR E IR UG T, TSCE 3 /N AR FE AR SO, AR 7E S M %) T 3 i SR U
bR SO B, R B EA s BE % OK % NMBU B T /N 4B T BT
(https://www.nmbu.no/en/research/groups/nitrogen/approaches-and-infrastructure) 11 & _F ik < {4
PR, PRI R R TR AR T RS E He SIS RN . Ny Fl O,
PR SURTESIREEA pH T BV R R DLAE SR AR 2 [RI Bik, BARiE 2 0
Molstad 2y mF 9t

AFEESE TR H ] NoOI(N,O+NL)AEEL (lnoo) THESRH, Hit s A=
I,

T T
IN,0 = f N,0(8)dt / f [N,O(D) + Np(O]dt (1)
0 0

A, ERAE NoO®). Na(t) A NLO & E 34 3 ey e it 18] (1) N (1 B4R 4 B, mg kg™
A A AR R R Y AR B TR A R .

J B P R AR R R A R LA (NH,' . NOg) HAUA A& (N,O. Np) Al
ERFEF A HIEEHNAR (NH, . NOsD 5544 & (N,O. Ny ZAIFH B 2. B
PEFIH SPSS 20.0 AT R R ZHRE T E 0. KM SigmaPlot 12.5 /EE, KR HHREY
N FEMEEMEIRZE . XA LEI NOs . NOy v NHa'v NyO. Npy EHLEIRNZELL
N i1

2 & B
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2.1 ARIES E TERIERINAH&ESH 1% N,O. N, FEERF M
L AT, FEREEAE T, ARG IR 135 N,O HIHEBCE 2 5l T EL R 775
ff1 18 h. 24 h 355 5.42 mg kg™ A1 6.02 mg kg™ (HEIEAE, I 30 h & #44L N N, B
AEANHFZ TS AR N,O 7228 BT B 5.

bEE IR R TR, NO HltE 28 PR (B 2) o 1%% 5 N AR Iig A3 i)
FIRIBRIF AL N,O S AR & 3 5 T IR AEAL 3 NLO [HESE (P<0.01) . fE4A R K
TEET 1% T, RSN LHE N,O HEBCEY & T I INBca b2, (H27E 1% 5>
JE [R5 0 DCD A 1 2644 5 133 NLO HEflcs: 2.3 /1043 in DCD 1 +3#(P<<0.01),
39N 4.21 mg kgt A1 2.61 mgkgl. DCD HITRING 3 FBAK 7B BT RS InaE + %
N,O Fl Np =B &, 1E 1%+ 3% 10%F1 21%% 73k, 5AREI DCD [JAbEEAHEL, #Rn
DCD Ja RIS IIARIE I AEHE N,O 77 A B 43 M FEAIK T 64.4%. 88.8%. 83.5%7F 76.3%; ¥s il DCD
[F I F B 1%A 3%% 53 T Ny BA= A2 7370 FFIK T 23.4%. 18.6%. DCD [F#s AT N
BRIRALEE ) NLO AT Ny 7225 St o B 2 5

PREEAAE T N,O AN, HEUE B3 M A E AL (P<0.01) , F A% 23.5 mgkg'.
B A R N, 35 NLO AT N HEBCRE G N Ff. M 1%%0 20 KR 10.3 mg kg™ (R
BRI ALFE) A1 6.74 mg kgt CRINBRIEALFL) , 730 T FEE 3% 40 R () 2.94 mg kg™ Al
0.68 mg kg™t. [N, REFRMTATED LT 3%)E, WRIBRIE 3 H NL,O F1 N, HEBE 1 5
FRT ARSI 3% (P<<0.0D) .

MES R T 3%LUE, T3 N, HEBCE R B T e B R iR 22, Rk, AT TRl
SAED EARFRR) NoO/(N2O+N,) (lnoo) fH (BB 1) o 1%% 0 & F AR, DL RN
DCD FHBRIE ) 3% %A 73 He AL BRI Inpo 53k i T He AR & 2800 AL B, Horbr, ORVS IR 1 15 7
3%5 1% IR T Ingo BB 3E 25 57, ¥ 35 5 T PRAEAG 3 o B (VAR N V2 35 FARAIC 1 43818 Inoos
ii DCD [ IS 52 25 BEAG T AN INRRIR 1311 Ingoo WNINARIEAN DCD LR Inpo X 4E
Iy IR IR R, BIFE 1%5 50 K N Ingo B R, 0%5HIRZ

— e B2 Rl
S & o2

=

N EME N accumulation /{mg k;;rl)

-

- 4
—0— TIHDCD

1.0
—— THDCD
2

0.5

A F AN A pEE

# 0 L5 a8
POPETD , )

B 1224364860 728496108120 0 12 24 36 42 60 72 84 95 10%120 0 12 24 36 48 60 72 84 95108120 0 1224 3648 607284 961

MR Incubation time /h

MNOMEA{H Measured N}/ (mg-kg-l)

¥: T1. T2, T1+DCD. T2+DCD 4} HIZ/R oIS I b # I a2 . JoikiEas e i DCD
R, WSINBRYE AT DCD f4b3, "FIA] Note: T1, T2, T1+DCD and T2+DCD stands for treatment without
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carbon added, treatment with carbon added, treatment with DCD, but no carbon added, treatment with both DCD
and carbon added, respectively. The same below
K 1 AR B A R AR EE 3 R A2 Y NLO Al N WK EE ) 3h 5324k
Fig. 1 Dynamics of the concentrations of N,O and N, in the soil under incubation relative to treatment and
oxygen partial pressure (OPP)

A
A

y =3.98E-06
*exp(3.90/(x+0.27))
R?=0.82, P< 0.001

4+ -
A ERREAI
Treatment without carbon added
2t o RhIRRIE
Treatment with carbon added
0 L

0 3 6 9 12 15 18 21
&.5r/% Oxygen Partial Pressure /%
K2 #0515 NO HEBUR R AHGE (n=60)
Fig. 2 Relationship between oxygen partial pressure and N,O emission (n=60)

N,OMli (& Measured N,O/(mgkg™)

& L REESETELNO/(N,0+N,)  (ly,0) IEERRAFZHILL
Table 1 Gaseous product ratio [N,O/(N,O+N) index (In,0)] relative to oxygen partial pressure (OPP)

#/r & OPP T1 T2 T1+DCD T2+DCD
0% 0.42 (0.00)aA  0.35(0.01) aB 0.39 (0.01) bA 0.36 (0.00) aA
1% 0.69 (0.01)aA  0.59 (0.02) aB 0.57 (0.00) bA 0.57 (0.00) aA
3% 0.61 (0.05)aA  0.23(0.03) aB 0.26 (0.02) bA 0.32 (0.16) aA

i ARNGFEREORFE A S BN KF T AE DCD AbREA) Z= R R (P<<0.05); ANFA
KEFERFRE =55 K IINECRAIN DCD ALBLA A T, AR ALBN 27 EE (P<0.0D). #&5
W R ~FrERZ  Note: Different lowercase letters indicate significant differences between DCD treatments
(P<<0.05) the same in OPP and carbon input. Different uppercase letters indicate significant differences between
treatments different in carbon input, but the same in OPP (P<<0.01). Data in the blanket stand for standard error

P R A R TR, A AT AR T A R, T HIRESA T b
BRI R BT AL (P<0.01) , #&&EiAF] 17.0 mg kgt. DCD A 2
TR, RASINBRIFEAL B LUV R (P<0.01) . [N, EAFEDET,
TEINBR (AL SRS TR AT G NH, S B B R IUIR, BMEAE 20%%00 R, HiaRai sl A
PRINIZR N DCD fAbFE NH, N & 5843579 50.0 mg kg™ #1 55.2 mg kg™ (A AR e A
T 43.12mg kg™ HIED -

2.2 RIS E T ERFERMLIEEFEIZD T ARS

AR INBRE 3315 R A2 b LB S A S5 R (B 3) IR, JREFKAM T NO e
RAFENER, BB 12 hikFE(H, Jy18.9 mgkg™. 7 1%. 3%F1 10%%E 73 /E T,
AV DCD Ab3E NO, 1) AR [A] . BRAR G 2 T RN 219 %000 AL B, =Fi 0 BN
% 1 NOy E B BLE B 97 IF 4R s 72 h, 493108 25.7. 30.6 A1 31.5mg kg™ (& 3a)

HIF 3¢ "I IL, RiFRIFMA IR, DRAEGRIE T NOs & B [#L (P<<0.01) , 90 h i NOs
HERRTARMR . AHEFMAT, HFRERN NOs SR EFHE N (P<0.05) . £ 1%IKE T,
NO; & & B FRCR I AE S, B IRE5 AR NO; IS IN & 34K 1 10%M1 21%% 7> [k
TR (P<0.0D) .
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PR T NH, & R R ass, B3Rgslm NH, N T 166 mg kg™ HHEHT
NH, B0k 2R R, B 19%%070 K T NH, B GE R BT HAb A A b2 (P<0.0D) .
DCD IR IR T NOy v NOg'v NH, AR TG RE, {H I 5235 BRI T A 4 % 1
T NH R E SR, SECEAR 78 2 o 3 NH, W NOs & 285 %454k (] 3d F1E 30).
NH,EA L R () AR R 2 ZBRS T 1% 3%F1 10%2% 70 T Al =4 NO, [ B E (]
3b) , MMifE 1%% 5 JE R8I DCD KA NO, R & i 2w T H A S 4b#E (P<<0.01) &

35 70 beD 50

30 60l € - © e -DCD

25 50

20 4Oi 30

Ly ~3%0 208
e 220 2
f=2] j=2
25 210 g
EO J o0 - E 0
g M
e Fz2%[HE] Incubation time/h B 0 12‘ 24 3&‘3 48 60 72 84_ 96 108120 .2 0 12 24 3(§ 48 60 72_ 84_ 96 108120
E HFRA I ! =, BEFFEEF(E Incubation time/h 5 FEFRIFE] Incubation time/h
235 Z70 £ 50

b +DCD —e— 21% 0, d +DCD £ f +DCD

1 30 —o— 10%0 W60, <
% * K 15
=25 —v— 3%0, o b
20 —a— 1%0, 401 o

15, —a— 0%O0, 30

10 20

5 10 10

0 . o_

0 12 24 36 48 60 72 84 96 108120 0 12 24 36 48 60 72 84 96 108120 0 12 24 36 48 60 72 84 96 108120
B2FEI}E] Incubation time/h B#3EI}[E] Incubation time/h F£FEITA] Incubation time/h

3 TCHRIRTNINAL BB SR AR TN LR A Bl A2

Fig. 3 Dynamics of inorganic nitrogen in the soil under incubation without available carbon added

33

b A T334 IR TR, NoO HEE R AREC N R, 1338 NLO R 3 B AR A IR 1%
AnET (B2) o RESMT 13 NO R2kH HD if2, HEARRKFMET, REGH
35 N,O HIHEE B P BARAS, KRB AR AR TR R T, KER NO Ryt —»5
HJEA Ny, TAE FIAISEBR A R, K5 N.O BB BGEN KA, Xt = 5 R0 1
i A7 1) Y, R NLO i SR BRI 7t Fh JERRYERT DCD #R AN Ab BEAE (48 (1% Oy)
T N0 BB B g T IRALTE (P<001) . ERLMEEMENZMT, &b 1%
1 NLO HECE LR R SRR WG n; 24 L3 BN A 3% O, 5, ANAE AR IIRRIE 1)
AR R NO HIFFEHEN, SR A T 1%% 0 R ACBEAHE, N,O F1 NLO fin
N HEBCE AT BIFEAI T 78.2%F1 71.3%, FKHLIEE SRS T 3%)a, R 7EmIE 78 2 1
ST, NoO HEl . BB UABIR BN, A H 38 NL,O HEMCE B A 1 Mt iR AIEE
TR B R 3T R 1 Vit S FH 38, 7 424 17 5%F( I 18] P HETR T %) 78.8%1) N0,
FEAT L, HEPRAS T, T3 N,O HESGE A 4 K 7k B T IR AR A M RO 58, 4
TS R R = T 3% )5, DA L A SRR SRR AR SRR YT NLO R I Ay ik
AU 13 N,O B A, AR N,O HERCE: 8T 1R =4 NH,OH %1k,
{H2& T3 JLFJE NHL,OH 287, HAUAH 1/3 1) NHOH S8 AL BEE A7 5 AT RE 22 NH,0H 45
1 NoOPY,  G3iZ5d 7 NLO P AR BARAG, — AN Z AL R 1%0~2%0°2 . NH,OH B
NO, FIAL 250 il 2338 B NLO HER, Hi%i8 42 B A AR 7R pH +igrh [,
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TERRIRECR TS R 264 T, HD SR = FH 1338 N,O HEBUX srik &5 K, RgRiE
A R, HoTER Ee ) 2 PG . AR )b, DCD X 13% N,O. N, =&
Al Ingo ¥ TE R 52, HAEAIN DCD [ 1% 70 KR, ISR AL EE NL,O HERE W35 &
TEBERINALE (P<0.0D) (H 1) . 4h, SEMIEHMMNHEMLE, [EER
FHREA, BMELE 21%%E 0 R T, MR FENZEAWI R KL HIaT W, SR I A8
S RAT A T R IR BN AR A KA S AP, SR EEAT N,O AT EER
H HD . AR fE v ge A 3 70 NoO SR H R FRidb- I AHiLdRE (SND) , BENA
FLBRIR 78 2 (46 FA T R AV A 1 o A2, (ELASAIT 92 T P +3%8 pH %, HL#s A DCD
HIAL RS FRAT IS IR Eh E A4, R IR I [P AL - e il A ad R BV R AR 55

FEARAL (1%~3% Op) HIGHRIEAINA Lk, R AHWE A e i@ HD 2t NCD
AR 145 N,O HERSU™ A= EZL TR . DCD WS I35 FRAR T JCRRIRAN Ak 22 1458 NL,O HEjik
B (P<0.01) , X5HELEEMMZ R 5P, B KRR mEY, KA HIRRE
RIS SN ND 32480 NoO [ 5Tk B, (HAHE LLIHEN] ND 3843 2 B A &1 T N0
e 32 AT B0, FETE 2 1% O 43 T, JC DCD W I AR B = M L Ingo F6 2204 0.69,
75N DCD J& Ingo N 057, HR#EWIEE T FERIMEEE, o] DAHER R A B T, 4fF
82.6%/f1] N,O 3[4 HD #1 NCD i /%, 17.8% N,O K [3T ND Z5id 8. BIFEfE LR 44
T, NoO HERC B4R 73>k 3 T4 3 LA NO3s Al NO, AR e 75 AL I A2 . BLRIFE DT
N5, 1E 3%0, % &~ HD A1 NCD i Xt N,O HE I T ik &4 57.4%, 42.6%FM N,O 3=
TR E ND JA2 . Ak R BT X HD @i m & ik, FEE A §E2 DCD
TRIGE NCD S 2R NO, & B FEEEY, NCD R EA R FhsR 2 HD i #elY, ey
U2 LR 100 28U A a8 L B 280 PR W A 2 3 B e 7 A PRAUIE A, 3 R 2
W FEPAE I NOS Il 37 I Ak 842402k . Petersen Z5BARF st s Rk, AH-REM L
IR £ S E 70% BRSPS MBI A& R, Lee B0 e -3 rh Ak 5 AL
A RIEFC. mkrT i, 5ERRAMMAEYAEL, TR SRR BTG RRIE N N -+
Herh, RIRE AR 3 NO FFBM R 3R AR B N E 2. XFEE 1% 3%% 75 -~ N,O
Hog LA H, RER A ND I FELE 3% % 50 & R X N,O sk & 533 n, {5 N,O
IR 1% 0 R R T 78.2%, (AT, Aifk b ND i #5515t =2 FH 12438 N,O HEUT)
TTHRA K.

AT, LT ND B0 NoO HITTEREA R =il fltn, ABtE, £
1%. 3%F1 10%%E 73 T, ¥IAFAE NO A [RI I E AR 22 (K] 3a) , (HAAE 1% 57
TNHIUKER NO HES. W% U, A AT ND 1 H 2 MR NO, X H 41 i i &
ELEEL, d AT DS, G B NO, KA BN, WA W REAERE I ND 848 HE
BORE N,O LR . X — B AR S AT RAFF. W NEEFM T ND IR 215
N,O il E itz —Mgiit, FERE THEMEAZMN TR AR ZARL 75T 5
B4, SR, AR K AR R HEGR AR BRI, REE E AR NOL (L RE B A
W FRFIR, BT OB R I ERECE N,OP, X VAR e FHIAN 2. B%%, 11
A VF 2 R IR IRAEAL BT NO3 I NO, A AHIF B S 7RI S5 RE Fys ok, 53 5 97 1 B T s>
NO3 i J5 3 R BE LA NO MR IEAT IAHAGAVE R, DRI, 1 F XU RO bR 10y2:45 2 1 45
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Effects of Oxygen Levels and Carbon Inputes on N,O Emission in

Greenhouse Vegetable Soil

CHEN Jiji*?> WANG Yiran® CAO Wenchao' SONG He*  WANG Jingguo'®
(1 College of Resource and Environment, China Agricultural University, Beijing 100193, China)
(2 Beijing Municipal Environmental Monitoring Center, Beijing 100048, China)
(3 College of Agronomy, Anhui Agricultural University, Hefei 230036, China)

Abstract [ Objective] In order to explore effects of oxygen level (0%, 1%, 3%, 10% and 21%)
and carbon input on major sources of N,O emission in greenhouse vegetable soil, an on-line robotized
monitoring and incubation system was used to automatically monitor real-time dynamics of O,, N,O and
N, in greenhouse vegetable soil after a crop of tomato was harvested. In addition, dicyandiamide
(DCD), a kind of nitrification inhibitor, was added to investigate contribution of nitrification to N,O
emission from the soil relative to carbon source and oxygen level. [Method] A certain amount of soil
sample collected from a vegetable field under greenhouse after a crop of tomato was harvested, was
washed with deionized water and divided into two groups, labeled as T1 and T2, separately. T2 was
spiked with glutamate, whereas T1 was not. NH;NO; was added as nitrogen source for both groups.
Then the pretreated soil samples were put into 120 mL vials, 10.0 g in dry soil weight in each.
Deionized water or solution containing NH4NO3, CsHgNO,Na H,0 or DCD was sprayed onto the soil
surface to adjust moisture content of the soil up to 250 g g™ in line with the requirement of the
treatment, T1 or T2. Then the soils in the sealed vials were placed in a thermostatic (20 <C) waterbath
trough for incubation. Concentrations of O,, N,O, N, and CO, in the headspace of a vial were
monitored online at intervals of 6 h, and pure O, was supplemented with a hermetic syringe in the light
of the monitoring results of the gases in the headspace to maintain an approximately constant oxygen
concentration (1%, 3%, 10% or 21% (v/v)) in the sealed vials. [Result] Results show that N,O
emission declined exponentially with rising soil oxygen partial pressure (OPP) (R*=0.82, P<<0.001). It
peaked when OPP was 0% or 1%, and fell below 30% of the peak when OPP got equal to or higher
than 3%. Addition of available carbon into the vial reduced N,O and N, production in the soil under
aerobic conditions, while significantly increasing the contribution of the process of heterotrophic
denitrification in the soil to N,O emission under near-anaerobic conditions (P<<0.01), which suggests
that this kind of soil is highly capable of triggering heterotrophic denitrification, and anaerobicity and
near-anaerobicity is more favorable to N,O emission. Compared with Group T1, Group T2 was 64.4%
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and 88.8% lower in N,O emission, 23.4% and 18.6% lower in N, emission, and 14.5% and 62.3%
lower in N,O/(N,O+N,) index (Inz0), respectively, when OPP was 1% and 3% and no carbon
supplemented. However, when carbon was supplemented, the two groups did not vary much in N,O

and N, emissions and Iy,o, Which suggests that strong nitrification occurs in the soil with no carbon
supplemented and N,O comes mainly from heterotrophic denitrification process (HD) under aerobic
conditions in the soil with sufficint carbon supply. DCD would lower the accumulation of NO;, a
substrate of nitrification-coupled denitrification (NCD), which is considered to be an important
contributor to N,O emission under aerobic conditions; nevertheless, the process of NCD is still a
heterotrophic one in nature. That is to say, DCD would reduce N,O emission from nitrification
processes, and from heterotrophic denitrification processes, too. With OPP rising from 1% to 3%, N,O
emission from nitrifier-induced denitrification (ND) increased from 17.2% to 42.6%, however, the
contribution of ND to N,O emission in the vegetable soil was still quite low due to the drastic reduction
in total N,O emission. Moreover, the commonly used dual isotopic labeling method would lead to
overestimation of the contribution of ND to N,O emission because this method may rule partial NCD
or HD processes into ND. As the soil in this study was quite high in pH and remained almost
unchanged in nitrate content after the treatment with DCD, simultaneous heterotrophic
nitrification-denitrification processes might be very weak. [Conclusion] Soil N,O emission mainly
occurs under anaerobic and near-anaerobic conditions (OPP=1%). Heterotrophic denitrifiers make the
biggest direct contribution to soil N,O emissions, especially when carbon sources are abundant. NO," is
an important substrate of the process of nitrification-coupled denitrification.

Key words Oxygen partial pressure (OPP); Carbon source; Nitrious oxide (N,O);
Nitrification-coupled denitrification (NCD); Heterotrophic denitrification (HD);
Nitrifier-denitrification (ND)
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