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FIMTEL A S I FR REE (RobotRGE ) , WIFEAF SR . BIFHA LKA R A 5
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oxidizing bacteria, AOB ) F|HINH, & fb =41
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A B Y 5 M B SR A X L, R E AN TR
R FE RN s e A A, BF 98 — 5% N, O HE
FRAsE 5 [RB i B R ( Dicyandiamide,
DCD) a3, ot AFE S K (0%, 1% .
3% . 10%M21% ) Rk AT 540 F R i AL i
T X+ HEN,OHE i i AE X STk, LA Sl it = 1 1
HHEN O V3 HERS it 119 1) 2 42 A B A A -

1 MRS .

1.1 RS R TIEE R

A 3R 7 T b RO KA 1R A OB 3
WFFEkE (36° 85" N, 118° 87' E) W—A HIGIR
AR, XK E F20074F, R RSN
—AEPZET . U N R TE,  d2Ah BE R E
B, BRI AEINFEFE . SN/ R ARG N
FORFERF o ASWFFEZEICY +HERE 5ok BT VE Al &
KAEFFAL IR, 24 B AR VEY) A A - i i 2y
309 mm, ffi [BALFIN, P,O,. K,O%t A% K
204 kg-hm™, 229 kg-hm 1526 kg-hm™; T KF
AR RS t-hm™? (YT 109 kg-hm & LUK

3406 kg-hm Bk ) 5 R AAGIRMERNIIE, Tt
A TF210 kg-hm & A1 984 kg-hm k. 2014
SETH TG R0 ~ 20 e HIERE S, T
RS2 mmibi KT 4o % B FINHL-N
NO;-N&#4h4.35, 75.24 mg-kg™, %1.31
gkg™, @179 g-kg', AHLIKI2.40 gkg!, A
w150 mg kg™, HALHN 483 mg-kg', pH 8.02.
A AR S 2 A5 B TS W Fan%E N RS .

1.2 KW 55E%

R AIE P REAA (NOS) B HH S =t
mm AR (NHy ) KB4, 5% I h g
MEBFRKBRALH L UARENO-NT 21K
F20 mg-kg™', FRAKAHRELEFTESKEN
100 ~ 150 g-kg ' Z AW}, 522 mmfifi, B i
T B T4CKFMAEfEE . Ve 1 HNH,-N |
NOG-NZ#435°43.37 mg-kg ' #8.03 mg kg™,
2R1.10 g-kg™', &W15.80 g-kg™ ', ALK
10.81 g kg™, ARME117 mg-kg™', HAH 416
mg-kg™', pH 8.01,

PAZK S 2% R AR5 X142, 30 mg-kg ™
( INif, FF) NHNO,NAEE, HEMRM
(CsHgNO4Na-H,0 ) Nixkii, BEARBIMA R
FR AN AT B AL HE (T1) A N184.8 mg-kg™' (LA
Cit, FF) AAMRMLIE (T2) , PFPLH
+ 3¢ W] s 3 B OR VR N/ NDCD (50 mg-kg™')
AL B, BF9EDCDFE0% . 1% . 3% . 10%F121%
Ao (O, /HelR G, T ) xS i
TIENLOM I HERCR . o T — P BT L3
A INLO ™ A W SR, AR AR W ) &5
TE AN MR = AL DG A, WP R B T AT e
SE JCRR TR VN N 4 HERT 3% 3 B PN O . NOSHINH,
e A28, B FEETR 108 h, B~ AbBE3AS
HE .

HAR B 2 E . PR T 10.0 gHt
T EM WA LT 120 mLIL MR, HE
S LB KRS HRIMY (NH,NO;.
CsH{NO,Na-H,05DCD ) ¥ i 44 2 Wi 74 & +- 12
FI, P TR S KEON250 gokg s BTA I
TR 35 % B S e A B4 5 0% . 1% . 3% .
10% . 21%HAMEAR (O/He) MIRAS (1K
M) s Es - A% (MERHEARA
Al dbmt) BERAWR, BJE — R LA IR AR R
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1.3 TESEREXSHENE

TE I 55 97 1 N B RE i 2R obot A B 1T 5F &R
i, LHFELEMO,. N,O. N,. CO,Mzh&EE
oo ZRGEMEIRE ARG . A RGEMAUR
OIPTAEER = AR, SEBL TSR CREE. ArbTad
P2 B S . HIRIE R RS FEAHEE
TR0 ~ 40°C) . MLV . L% [ i 7 i oL
BRI A (AT R 4405120 mLAY ML)
H el R Gl A s FEAS (Gilson Model 222,
Gilson, ¥ ) MEsIZE ( Gilson Minipuls 3,
Gilson, %&E ) #pk, @idPythondm e i 75 5 il
HSRAEDIRE s AU 2 A e iy A0 35 A 346 D) 45
(TCD) . Wik g: (ECD) MM E T
Rz &% (FID ) By AH S (Agilent 7890A,
EE) A, fEIAININ,O (ECD. TCD) . N,
(TCD) . CO, (TCD) 10, (TCD) W& .
A 8 d R By A 32 RE 6% UE B0 A6 I N, Y A2 Ak HL
RAET TR PN, B URBAK . MK Robot [ 8l 5
Ft 2 G5 0035 1T B 40 5 AT 5 W Molstad % 10
Eiiipuy

+HERE S TPNH, FINO; [ & 7 1 mol-L™' KC1
R AR SRS AT ( TRACCS2000, &
B e, HETAESE. 2. 2. ALK,
AR A pHIE ZBOSCHR [16 ] ¢
1.4 iR

Tt B R T LR N, BCE 3 B R AR
AR, AR A 0 4 I O A B AR R
JE A0 A i B2 R S NMBUBE ST /N 19 3
B (https://www.nmbu.no/en/research/groups/
nitrogen/approaches-and-infrastructure ) 715 i
A AR, RS R P RN S E TR R R
T IRT i A He 0 R A B R . NLATOL Y e <
SN AR A5 W B R pHR 9 % 8 B DL R AE RO
P2 ] B9 B, BRI S WMolstad %5 1
W5

AEETEFRKEEYN =Y HHAN,0/
(NLO+N )RR (Iy,0) HHR M, b i n
T

T T
Iy,0= fo NzO(t)alt/fO [N,O(t) + N,(6)]dt (1)

A, TREAFEAIN,O() . N,(6) AN,OM HE{H ik
EERTR () T B RS A5, mgkg™; AR
(14 R 4 A5 B FR 48 RO

Jo - S R B IR A R R EHLA (NH, .
NO;) HA M= 4EH (N,0, N,) Z M5 EF
FFiEm HELHLA (NH, . NO;) 554k 4
w (N,O. N,) Z W& |20 S0 FH
SPSS 20.0F 1T E . ZHRE T 2500, RH
SigmaPlot 12.5/E, BRI L. FIHE
+ bRifEIR 25 . SO A I A INOS . NO3. NH, .
N,O. N,. EHLAHKAFELINIT,

2z R

21 AREEDETBRIRERMT I ESHLE

N,0. N,ZF4£ 2%

M ETAT UL, FEDRESRAE T, AR USRI fin i
U5 SN, O M HR A & 70 0 TAEZ G R /5 1918, 24 h
iK#5.42 mg-kg ' F16.02 mg kg WIHEUEME, I
30 h A B AL AN, ELAS Ak 30 i 55102 75 B8 XN, O
LR oHTE S AR

Wi & A R R T, NLOHE L & & 4
BERE (E2) o 19%% 50 T KU I 4k 3 6l
SRR R 1 Ak BENLO R RRHE R & B 3 T IR R
AEFENL,OR i (P<0.01) . A EKRT
ET1%M AT, Rk I8 + 2N, O HE i &
Y7 0 T S OB R A Ak B, (HJE A 1 9% S 4 TR)
U INDCD FRR I8 09 45 T, +HEN,OHE i
i TR INDCDM -3 (P<0.01) , 4r51H
4.21 mg-kg ' M2.61 mg-kg™'. DCDRZ N
FEAR T A A5 T R ik I + EN,O FIN, ™= A=
H, 1%, 3%. 10%M21%E 55T, SREM
DCDANBEAR L, ZRINDCD 5 A 45 find Y8 14 4k 34
NLOP= A= 3 WA T 64.4% . 88.8% . 83.5%Fl
76.3%; W INDCDIAE B F 301 % F13 % 53 TN,
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10%0,

N, 8FUit N, accumulation / (mgkg”)

21%0,

0.16

N,O il #itif Measured N,O / (mgkg™)

0 1224 36 48 60 72 84 96108 120

FEZEIF ] Incubation time / h

[f: T1. T2, T1+DCD. T2+DCD43 53R JooiE 7R M b 2 . BBk I r AL 3 . JCmii 7R E B MDCD AL B . Bk FIDCD
A F . F[ENote: T1, T2, T1+DCD and T2+DCD stands for treatment without carbon added, treatment with carbon added, treatment

with DCD, but no carbon added, treatment with both DCD and carbon added, respectively. The same below
EI1 RV H R AS A B % 55 0 72t NLO RN Y B2 1 B A A8 b

Fig. 1 Dynamics of the concentrations of N,O and N, in the soil under incubation relative to treatment and oxygen partial pressure
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3=3.98x 106" 04027
R*=0.82, P<<0.001

A FEBIRERIN
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o RNKIR

Treatment with carbon added

N,O i &8 Measured N,O / (mg-kg™)

0 3 6 9 12 15 18 21
4/ JE Oxygen Partial Pressure / %
B2 400 SN OHE i & ] i AH M (n=60)
Fig. 2 Relationship between oxygen partial pressure and N,O

emission (n=60)

ER R AR IR T 23.4% . 18.6% . DCDHY
IR 0 B YR AL B AYNLO NG ™= AR 2 O B 3%
AN

PR ZAF T NLORIN, HE B i & 3% 5 T4 4l b 72
(P<0.01) , HEA%23.5 mg-kg™'. FEEHEDE
MG, TN OFINHEA i B TR 1% %A
AYIERTAY10.3 mg-kg™ (RIANBRIFEALEE ) Fl6.74
mg-kg™ CHSINBRIEALEE ), 2051 F M = 3% %A 57 %

(OPP)

I E92.94 mg-kg ' F10.68 mg kg™, [AIMF, 5% 3% T
RS T 3%, WMk IE A N,O FIN,HE
R WA L S AR TR TS A YR Y 148 (P<0.01) »

MESERT3% G, T HEN R AL
ATREFTE R KR 22, Wik, UHE T =14
Gy AL BEINLO/(NL,O+N,) (L) 1 (1) o 1%
AR N PR, DLRCRE iInDCD AR IR 13 %
Sy TR AL R ot il g T AR A A TR AR B,
L RS INBRIE 3% 5 1% 85 R 1,0 E
H25, WREETRELI, I m D E R
8T E 5,0, TTDCD R INAT 2 3 R AR TR
IR IR LI 00 TR IMER I FIDCDAYAL Lo
X3 AR e 18 2R ABL L BIAE 1% 58003 R R Ly ofi 55
0%%EIKZ .

i T A R BN, R AR AT
SR S AN 1R N C A T = W/ =0 G R NP D L e g
MW i B E LT A AR (P<0.01) , fkmik
#17.0 mg-kg™'. DCDA R G T R R H L,
AU I R AL B O B2 (P<0.01) o A
B, ZEATA S T, B IRR IR (4 b 3 8% 55 11 5
NH, &2 00 EHAM S, BHE21%E80ET,

http: //pedologica. issas. ac. cn



118 + i

C I 56 4

®1 FRIESETUNO/(N,0+N,) (Iy,0) HEHRRH =L

Table 1 Gaseous product ratio [ N,O/(N,O+N,) index (In,0) | relative to oxygen partial pressure (OPP)

%4y JE OPP Tl 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

E: ARG FHRFERE—HA9E., F—EAKFET ARDCDAF 25 B3 (P<0.05) ; ARIKEFHFERFE—HA59
FE o BINSEAR B IMDCDAN BT, AR AP 22 55 2 (P<0.01) o 55 WA R /RFRMEDR 2 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
R R 45 SR AT N/ G5 InDCD R AL FENH, -N 75 & 4>
W450.0 mg-kg ' HI55.2 mg-kg™ ( BRI AR
AT43.12 mgkg "HIA) -
22 ARIESETEBRIERMLCEEFIREFRT

R b

AR UR AR R R LA A M
Mg R (E3) R, REKMFETNORE K
AR, REEE12 kB IEE, H18.9
mg-kg'o TE1% . 3%MI0% A5 KT, KREN
DCDAbFENOZ 1 SR ], SRR I 5 3 5 T IR U
2195y JEAL B, =AU R s N O, R AR &t
WBTER R RIS 72 h, 4300 25,7 30.6F131.5
mg-kg” (E3a)

HE3cH I, R HE, RAFKMN TNO;
G E ML (P<0.01) , 90 hiIfNO; &R K T4

MR, ARFMT, KEFRGRNOIE & W1
(P<0.05) . 7E1%WIE T, NOE & & ALK
JEBEINE RE S, B IR AR NO BB N B KT
109%F121% %853 T 403 (P<0.01) .

PR T NH, & 3 s, 553845 fint
NH, AT 16.6 mg-kg™'. A E KM FNH, AL
TR, H1%% 50 KT NH 1 FEAR R 5% 1%
THAA AAH (P<0.01) .

DCDRE I RASF FNO; . NO3 . NH 7R
feIesgnmn, AL 2 AR T A A N NH P R
K, PEEARSR AP N NOSH R LR
Al (I3AFIEIRE) o NH, Ak 8 5 0 BRAR [ e i 2
FEAK T 1% . 3%M10%%553 & T HE =N O 1) R
i (K3b) , MATE1%% 53 5 T i IIDCDINALEENO, £
PR 3 T A A 3 (P<0.01) .

50

¢ -DCD -DCD
0 e C
40
50
40 30
:I\ LI:O 30 ,T’-\ 20
2 =2 2 2
&0 on &n 10
g g 10 g
= 0 — ~ =
S 0 12 24 36 48 60 72 84 96 108120 © ° - = 0
Ag : ® 0 122436 48 60 72 84 96 108120 E 0 12 24 36 48 60 72 84 96 108120
E=1 =
Z iz 70 £ 50
@ T iDCD —e— 21%0, & o 1 +DCD g [t +DCD
'K"j Y —o— 10%0, g g 40
s 25 —v— 3%0, & 0
= : = 4 & 30
}%‘ 20 —a— 1%0, 'K"
15 —=— 0%O0, 30 X 208
10 20
5 10 2
0 0

0 12 24 36 48 60 72 84 96 108 120

BEZEBF ] Incubation time / h

0 12 24 36 48 60 72 84 96 108 120

BEFeRHE Incubation time / h

0 12 24 36 48 60 72 84 96 108 120
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I3 JCRR USRS Ak B 300 A vh LA 3 8 4L

Fig. 3 Dynamics of inorganic nitrogen in the soil under incubation without available carbon added
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e, HIEN,OHE E B R ATEIREM1% E 50 KT
(FE2) o REFZMET LHEN,0EZk A D2,
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N, OFR P 23 Bl iF — 25 3R JE SN, i A H ] 52 B
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JE S BROAS IR 5T Hf JG R R A D CD S 0 54 4 B A 3 i
A (1% 0,) TN,ORB™ A it i 2 5 T IR S b 3
(P<0.01) . FERFEf AN 20T, 003 1
N, OHE B LU &5 1 SRR S ;24 - 484
SYEIGINA3% O,)5 , AUHEAR I I J5 4 Ak 34 v 3%
PN, O REEeHEL, SAHFIAL 250 T 1 1% A 5
FEARERAR H, N,OFIN,O JINN,HEHC A5 45 3 B T
78.2%M71.3%, FW A EET3%)5E, R
JETERRIR 7T A 21T, NLOHEI R . REAASM
S EREAR Y L R N, OHE I £ R AL TR
HEFIVE K e i Bk b =CHE R, AR o) 2 1R i e FH 38
TEAAFE17.5% W I ] Y HESL T £978.8% HIN,0 12
FUEAT UL, HEPRE T, HHEN,OHF IR A 48 K
Wk A F IR A MK A U A BT, M s R
W R TR 7 T 3% R, LR SR AR B A 565
TR 45 4 12 DR VR BN, O 28 B0 O Jhk v =X il I 1) 4 38
N,OWF st HFil . & A At B N, OHE ik 32 228 T v
] 7= PINH,OH % fk., {HJ2& -4 JL-F- JENH,0H &R
B, HAA 1/3 B NH,OH S A0 i 16 1 A0 5 7T e 2
NH,OH% L HN,0 ', SHOZT N0 4 AR
1§, — Bt E A 1%0 ~ 2% ' . NH,OH
BUNO; b2 43 fif 25 38 IONL O, (HiZiR 2 &
B AT pH LR

FERRIR A R 38 /2 W 2T, HD 3 F ) 13 it =%
M+ HEN,OHE i sk i o8 K, R Bl 4 48 TR
(1 Tk, HTTHR Y B ) S BRI IS s I A Ak
Hh, DCDXf LHEN,O . N, A i Al o3 TC
R, HERMDCDM1%E 5 KT, Bk
U5 1 A FRNLOHE T £ 5 5 T Jo B 5 s g 4k 3
(P<0.01) (K1) o BEAb, S5I0EET A 15
L, A B EREAL, I E21%80E T,
IR ENRAMRG LA I rT W, BRI R

JnnT BE 3 B AR SRR A SR A K AR
AR Y, SECH ARSI TN,OAE EEk A
HD# . Wik I 5 ol fE & AH #N,03k A 7 7%
- ikt f (SND) , PN S Ho kR 70
(9 2 R T SIR R AR I & ), AR RS
BT F - HEpHES s, ELESIIDCD A9 Ab BEKE 35 110 J5 il
PR £h FEATAr S5 5% 0 R 20 i Ak - B il Ak ot A2 57
5.

TEARSE (1% ~ 3% O,) HIJGHR I i) + 5
i, S FEEAE T BE &l HD siNCDi& £ Xf
HIENLOHE ™ A= FH 2 5Tk . DCD IR N 8 3 F%
I T JERR IR b FE 4 N, OHE i & ( P<0.01)
33X 5 [ i) i O 45 B — 2 20 HOR R RS A
FARW, KA BRI AT & B E I IINDIE R
XIN,OR T gk it >, [HARARE LA HEMIND i 4% 12
e A A T NLOHE I Y £ ik A2, B, 7Efls
H1% O3 ET, JCDCDHR A AL B W) oI o35
H40.69, WRMIDCDJGF Iy ,040.57, MRIE=H T
R ry i B2, AT AR e o SR BB LR, 2
£82.6% N0k HHDFINCD i #, 17.8% N,0%
H TNDA b, EDFER AN 4514 7, NLOHE
TP 4 S 43k A T4 B AN OSFINO S IR # 11
S AL AR . AR O, 7E3%0,410
T HDMINCD I FE X N, OHE L (1) sk i R 57.4%,
42.6%MN,0 FF ok ANDF . il Ak 40 ) ) 7 k¢
SR CHHDIR AR AR MR, ELEEHE G
DCD G NCD i F B JEINO,; & AR 10 .
NCDi B 7EA T EABSR EHDE L Y, 75 A3 L
ZREAYE LT AU E Y LR R RS &
O A A R A, R R A R e A
N O i 5 55 J2 il ALk A2 1 2k o Petersenss 12
MR g KR, AA-RAMW HIEARRSFHT0%
9 B Ak 7 W ot 2 AL IR ARG, LeeE 0 L
B HEPEIL S R AL R IEA G, T
W, 5AFENE AL, EREE AR
H It Ay L3 rh, 535 5 a] BEXT 1 HEN, Ok
AR EPRE T, X 1% 3% % 57
TN OHE B AT LUE H, R A AIND I
TE3% % 5 T XIN,O Tk i i E 8 n, fHN,O M HE
B %8 5y RN T T 78.2%, KM, Bk b
ND i 72 X 15 it =2 H 4= 8N, O HE A BTk AS K .

BT, B NDIRA XN, 1Y 51 ik i
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AT RewE Al o Blin, ARFFREMH, F£1%. 3%
M10% A5 KT, HAFTENO B I [a) A £ 8 1
MZ (F3a) , BENAEIRESETFHIKER
N,OHE . #HIN K, AL EYHITNDR H
T ERNO T AN A 35 AR TS e T Lo
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Effects of Oxygen Levels and Carbon Inputes on N,O Emission in Greenhouse
Vegetable Soil
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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 NH,NOs;,
CsH{NO4Na-H,O or DCD was sprayed onto the soil surface to adjust moisture content of the soil up to 250
g-kg™' 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% 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 (Iy,0), 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),
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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,0); Nitrification-
coupled denitrification (NCD); Heterotrophic denitrification (HD); Nitrifier-denitrification (ND)
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