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S B (WT9) Bl 57 far KT A 8 S R IR AL , AR BH B0 (WT21) U 2 B a3, AR A S a7 b3 AR P RN, 077
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Effects of enhanced nitrogen load on N,O production in Phragmites australis

marsh soil of the Minjiang River estuary in winter
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Abstract: The typical Phragmites ausiralis marsh in the Minjiang estuary was selected as the study object and a field N load

*a'; NL, low N treatment,

experiment was conducted, which included four N load levels (NN, no N treatment, 0 ¢ N m”
12.5 gNm™”a'; NM, medium N treatment, 25 ¢ N m™~a™'; and NH, high N treatment, 75 ¢ N m™a™"). The marsh soils
were sampled in different N load treatments after 9 ( December 2021, WT9) and 21 months ( December 2022, WT21) of N
import and the N,O production processes of different marsh soils were comparatively assessed through incubation

experiments. Results showed that, with increased N loads, the sources of N,O production varied significantly, with the NM
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treatment showing the highest total N,O emissions during both the WT9 and WT21 periods. While the heterotrophic
denitrification process significantly reduced N,O emissions in the soils during the WT9 and WT21 periods, N,O emissions
generally rose with extended N loading durations. Under different N load treatments, the N,O productions of marsh soils
were primarily due to the non-biological process, but its N,O production generally decreased with increasing N load levels in
a short —term period (WT9) and increased in a long—term period ( WT21). The higher contributions of non-biological
process to N,O production in different N load treatments mainly depended on the abundant iron ( Fe), manganese ( Mn)
and sulfides in soils and the great alteration of soil pH under enhanced N load conditions. The interactions between N load
levels and temperature showed different influences on N,O production processes in soils of WT9 and WT21 periods. At lower
temperature (5.5—11.5 °C ), the N,O productions in soils of different N load treatments at WT9 period were mainly
dependent on non-biological process, while those at WT21 period were predominated by nitrification and non-biological
processes. However, at higher temperatures (17.5 °C), the N,O productions in soils of WT9 and WT21 periods were
predominantly governed by non-biological process and nitrifier denitrification process. This study found that enhanced N load
altered the original contribution patterns of biological and non-biological processes to soil N,O production at WT9 and WT21
periods, which mainly influenced the biological or non-biological processes of N,O production by altering soil nutrient
status. Under low temperature and N load conditions in winter in the Minjiang estuary marsh, the interactions between
temperature and N enrichment showed an offset effect on soil N,O production, which was favorable for reducing the N,O

emissions in winter.

Key Words: nitrous oxide; nitrogen load treatment; non-biological process; winter; Minjiang estuary
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AEAVEF R A2 T SRS A A RS R 3k S Al R B BB 4 ) 772 RN, O 5 TP 445 1F T U P 20 S AR B E A S 1Y
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Vo] YT 90] 11 23R ] AR P v A B ELAR SR MR B M R T 11 22— 9 XA B O RN AR AR SRR
19.3 °C i fa A7 T [ Y0907 AU TR, 2 ) YT )e V0 22 AF YR AU B i) T AR e K 9 11 30 v, S TR AR A 3120
hm?, % DY R IERL H, A2 BT AR I 5 % B L [ms2 ), K SCGE R R 4%, % X LA+ o
I, F FAH B LI Y 55 ( Phragmites australis ) | % W31 4 ( C. malaccensis ) | #& ¥ ( Scirpus  triqueter ) F1FK fifi
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1.2 WL
1.2.1  BRAMKE ST

TG A0 REPG LR A P =5 W o AR X, BEER AR R A S AT A KR BUAR I A |, T 2021 4 3 H R R Ak
RO ARG . B TR A R, 255 H B A VIR (3.0—3.5 g N m™ a™" ) FIFEH A A (21.0 ¢ N
m™ a™") W AR S AT R B 25.0 ¢ N m™ 7' S5G IVL I 2000—2015 4F A4 A2 il
IR A (23.15—27.48 g Nm™> a™') (& 1) B SR BUASE A AR Wr 9 A B 22 5 vk 2 ) Dk 2 e, Kok
W T I R A A P S i, RIS R ARSI T 4 DN E AT KT, B R S A BE (NN, BHUAMA
) MRA ST AL (NL, SEPRE A 12.5 g Nm™ a™') (AU AR 3] (NM, SEFRET0 25.0 g N m ™ a™) FIR AL
T AL EE(NH, SEPRFT A 75.0 g N m™> a™) B ALBEREHLAT 5 3 DN B (1.5 mx2 m) , FELESHIEIZIX
RUIFEM AN E SR T NH-N F1NO;-N F B 3emt - B — & el e A 1:3.3, H 2021 4F 3 A 4R, AR
30 d Zefy = IR kA5 A BEAY A G0 AT 25K K NH, C1 AT KNO, AR 10 LK, a7/ H WA [R) A M 2515
L, XoF R A 3 6 g L0
1.2.2 FEALCRAE SAb
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103 2022 4F4Z {08 WT21) 78 iR AN ) &6 o A BEARE b PR AR )2 13 (0—10 em) , 3k 24 ), ¥R 4E
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Fig.1 Per capita N footprint in the Minjiang River Basin from 2000—2015

A (2265FS, & [ ) l5E ; TS A (NH]-N) FAIE S A (NOS-N) F i (£ 2 mol/L KC1 IR 2 ) R
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Table 1 Physio-chemical properties of marsh soils in different nitrogen load levels

R R EC/ s0c/ ™/ NH;-N/ NO3-N/ NH3-N/

Sampling - Nitrogen load ol (m/cm) (/ke) (/ke) (mg/ke) (mg/kg) NOZ-N

periods treatments

WT9 NN 6.7240.02Aa  2.79+0.07Ab  2.55+0.12Aa  1.89+0.224ab  23.61:0.59Ab  0.25:0.12Aa 107.24+44 84Aa
NL 6.39+0.16Ab  3.07:0.184a  2.49:0.42Ab  1.76:0.04Ab  24.70£0.16Aab  0.1320.01Aab  187.5010.76 Aa
NM 6.20+0.14Ab  2.93:0.02Aab  2.57+0.20Aa  1.92+0.15Aab  23.38+1.34Ab  0.15:0.11Aab  229.32+130.08Aa
NH 6.36+0.18Bb  2.81:0.06Ab  2.560.24Aa  2.19+0.15Aa  25.70:0.82Aa  0.070.01Ab 374.89+64.19 Aa

WT21 NN 6.3350.27Ab  3.01£0.08Aa  2.48+0.02Ab  1.90+0.15Aa  11.97+2.37Bc  0.1120.00Aa 112.18+22.15 Aa
NL 6.47+0.10Ab  3.12:0.00Aa  2.4820.02Ab  1.76£0.14Aa  14.420.16Bbc  0.1120.04Aa 137.26+48.44 Aa
NM 6.54£0.23Ab  3.23:0.17Aa  2.520.03Ab  1.93:0.04Aa  18.83:2.20Ba  0.1420.02Aa 139.2024.75 Aa
NH 7.01£0.20Aa  3.12:0.13Aa  2.570.02Aa  220£0.22Aa  16.7420.82Bab  0.1720.06Aa 109.09+33.04 Ba

NN: TR AL No N load treatment ; NL ;% % 51 faf 2L B Low N load treatment; NM; H1 % i ff Ab 3 Medium N load treatment; NH ; 5 % 1 a7 4b B High N load
treatment ; [ B AN [F) /NG B A ] B AR () 20 67 o A B2 [B) 25 57 8.3 (P<0.05) ; RIBIAS[R) K S - B 3 A ) 48 4 e A BT A R ef 391 2 1) 25 57 B ( P<0.05)

1.2.3 FENIEFRLE

FEF W] YTIA] 11 42 12 A0y ZAEF 3R B AR RS T (5.5—17.5 °C) Y, B I8 Wrage %5 FIPM i 8 6 R GHE
FIRLFH 1 Bl TR R B R IR0 (6 2) P L FRE 10 g 3 2 mm FLIF A5 HFBA 250 mL 537
S I 25 B T K R B 809% M a] 45K (WHC) o A FLIG I JE JEAF0 11, AR BB 4% A5 A s — B
RERR IS 3 SR A3 Y 3 1 P AR S A 8 R 11 R R SRR 11 I &) [l A AN A 20k 1 RE I
PABH IR, S EEFRIE T 11.5 CHRREIRF PG IR 24 h )5 4% I8 2 Frak Oy ik A TR [R) AR 46l 350 1 %
i, BESS AREEAE 11.5 CHEIRIGFRAEN TSR 24 h, 72 IEREEFR (BINMEIFE) B4 0.6 F1 24 h fllUE <
A, S ZIH GC-2010 Pro S AL ( H A HY) e N, Ok BE . S0k 3 NH &, 3 96 17, LIWFST AL A 1 i
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XA ZE L HEN, O A BRI M ), S T BRI R BRI SR AR 3N, O A 1o 8 X 4% 2 i B8 A8 A Y T
Hifr Bk AR ARG, SE9 I 3 IR AR (5.5.11.5,17.5 °C) , IROK 7 & 50 80% WHC, J7 % [F)
L3 AER, I 288 fi

F2 MHFIIN, O£ S EA MM

Table 2 Effects of inhibitors on soil processes generating N,O

PR fif AL VR (Ni) T A 407 S A AL AE I (ND) FAAEAE I (De) FELEMIERI(0S)
Processes Nitrification Nitrifier denitrification Denitrification Non-biological process
X H8 Control (C) + + + +

& C,H,

With small concentrations of - - + +
C,H,(0.1 kPa) (A)

Rt 0,

With large concentrations of + - - +

0,(100 kPa) (0O)
Jin/b& C,H, MK E 0,
With small concentrations of C, H, in - - - +
0,(A0)
“+7 RR MR R A ¢ -7 RoR L R M

1.2.4 N0/ Bt
AEE BN, O A i R F A5 B

N,04,=N,0,-N,0,, (1)

N,0,.=N,0,-N,0,, (2)
N,04,=N,0.-N,04-N,0,.-N,0,,=N,0,-N,0,-N,0,+N,0,, (3)
N,0,=N,0,, (4)

X1 N, 0y \N,0,, \N,Oy, N, O RN Ak S AL AR TR SO AL AR A Wit FE RN, O A &, T o C
A0 FTAO W% IR 2, A RERIN, O A= Tk Ry iZad BN, O 4k 5t 5 B A 1 i . B R T
T R HEREAN, O, T /R A7 7E HoAthad A 5 3%l A 5 5 S g 6 5, A2 0 R R 0 RN, 012

A A EI SIS 0.6 F1 24 h e N, O B (wL/L) , W HH Slope BRZEL, SRAFN, OV i Fifi i [A] 22 £k,
A 2R R (d/d,) |, R IR 1>0.90 FUECME, 3 F X3RN, 07 4 R 325,

Pzﬂxlx%xE (5)

X, P AN, O R (g ¢ h') sde/dt EEFRI AN, O FE Bt st 181 A8 AL i T 28 BPR (WL L ') 3V oA
BEFERN SRR (L) s W T (g) My, AN, O BE /R bt s M A ARHER S 1 mol SURIIRTR T Ry 15
FRIESE (K) ™,
1.2.5 HdEab P 5 o6

iz i Origin 2021 B AF X SR dEA T H A FAVER R SPSS 26.0 Bk 443 A [A] AE B R AN, O 7= A= g A7 8 A
R 22500 2 E T 2250, WIN, 077 A 1 5 REE R 14T Pearson FHOCHT, b MoK € P<0.05,

2 HRE5S

2.1 AFRESMGGAE I T A ZR M N, 07~ A

A ZR0 M HERN, 0.4 77 A e AZE WTO B 11 NM Ab 38 28 31K 1F {5, 1 26 W'TO Bt # f10 H ftb Ak B 1) J
WT21 B AR b By G (1A 2) | B SRR X AR 3520 (P<0.01) (% 3) , ANERTE WT9
IO A W21 30, JEHR - EERON, O 87 S A NM AR s T NH ARSI el B2S RS
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[ A ZEK , NL A1 NH AR N, O 507 A 43 il in 1 1.44 1 1.03 £%(P>0.05) , 1fii NN Fl NM AZb 3 TN, 0
SPA RSB T 1.13 F11.58 £ (P>0.05) ARG far kb 22 A AR AR P04 32N, 07 A 1) 3 2
(84.07%—385.61%) , N, Oy~ A= i 4F WT21 B A F NN AL B (P>0.05) , 176 WT9 B 1 N 32K F NN &b
FE(P>0.05), Bk NH b3 A5, JEAE P 1F FH AN, O 77 A dat 7 0 Ath &b 3 357 Bt 280 671 47 BF ] 79 228 4 177 RIS (P>
0.05) . HEN, O/ iAWk B 75, NL AT NH AbBEAEAS R DU AEVE o 2 5, HON O = A= e 7 T9 B
WIAH L NN ZbFRA» 9000 T 1.32 F12.23 5 (P<0.05) , i7E WT21 BHIA HIFEAR T 0.42 1 0.96 1% ( P<0.05) ,
76 NM ACFET  E A A0 R R A A TN, O 7 A £ 18 35 8 T HAl AL B ( P<0.05) , HLHEN, O A 5 i A f7 iy 1)
[i1] {4 i T FAARR (P<0.05) o B NH AR FRAN  HoAb A B S AE VR FH AN, O 7= A= w5 349 it 280 671 fuf B[] Fr) 2B 4 A Fip 434
T T A 20 R R A AR AE AN, O 7 Ax 1 U 34 22 BH B R e 34, AN [R) 2067 oy A BT B Al ARV TN, O g 7=
PRSP AERCR IS5 VE T (- 555.02%— —123.03%) , N, 07 /L B AE WT9 BHIUIBE (A T NN b3 (P>0.05),
M7E WT21 B AR T NN AL EE(P>0.05) . B NH ARBRAL, Al Ab B R Sl AL E FH AN, O A= i ¥ B 4 £
o B[] (4 B4 TGN ( P>0.05) . 2R 7 22400 W, 067 g 7K S X6 il A0 40 B S il AR VE RN, O 7 A A7 7
e i 520 (P<0.01) , &G Ay st ) %o 7l P A ) A 1 40 T S T AR A FH BN, O 7% A 8 77 A W (3 2 Wi ( P<
0.01) , 1 20 B faf 7K - x & 747 s 1) % A [R] 3l 2 R N, O 7= A 77 7 3% sl (2 35 5% ) ( P<0.05 5% P<0.01)
(£3),

CINN [ZZNL RNINM - XXINH

A
8 w9 ’ 81 wrai
Aa
= Adb
Top 4r Aab Aa 4 K
Z a A
2 ﬁ ] : TN
! B
7 i :
o .8 ITIQ Ab At A
z g Aa g Ab ALA
B Abe - 2 Ya Be Ab
2 4l -4 a" R
o Aa
z
-8 -8
Ni De ND (0N TP Ni De ND oS TP

A Process type

B2 |AmMEREGTRETESETREAN,OFEE
Fig.2 N, O production from different processes in marsh soils under enhanced nitrogen load conditions
Ni: i ALAET Nitrification ; De : 52 {6 A ] Denitrification; ND : 6 1k 240 7 /2 fil§ {6 AE J] Nitrifier denitrification; OS: 3E £ ) fF il Non-biological
process ; TP N, 0 &7/ Total N, O production; NN : G H1 757 4L ¥ No N load treatment ; NL flR & 7 faf 4 FE Low N load treatment; NM ; H1 4 11 7o
AbFE Medium N load treatment; NH ; 15 % 71 17 A0 H High N load treatment ; /~ [/ K 5 T2 HF 2 7R A0 [7] 20 6 17 A0 B R R 6] s 303 1) 25 5 & 3% ( P<
0.05) s AN al/INE S RER 7R AR TR] i R A ] 2 57 iy Ak B IW) 2 5 1. 2 (P<0.05)

2.2 AFAFENRE T AR AL+ N, 077 i) 72

RIS A DR AN, O 8™ AR i AE A AN RIRLEE B R A T Wk (181 3) o AR EE R 4%
RS AL PR AR TN, O/ A Herfr WO IRHBI NM ARZE RN, O 877 A B AE 11.5 °C R RICHIEAH, 1M
WT21 B IR A A3 F AN, O B AR 1A 5.5—17.5 C RN, 2R 22500 s | IR AR 1 i
N O A B 5 S 5 0 ( P<0.05 3% P<0.01) (763) . ELHIEE, AR IR T 46 286 b 3
AR IR N, O 7 A Y H L (45.13%—1150.01% ) , HAE AR FALFE R BN, 077 B 7E 5.5 °C F s,
M7E11.5 CFEeflf, EAFEARIRE T (5.5—11.5 C) , ARRGAATLEEETEEWE BN, 077 4 B 7E WT9
IR AR T NN AR T (P>0.05), 75 WT21 W9 BE (75 1 NN ARFE (P >0.05) 5 1 26 2 5 1L A 1
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W&

(17.5 °C) , HN,O 7 L FE7E WT9 B W B 4A 7 T NN &b BE (P>0.05) , 76 WT21 Bf W5 AR T NN &b BE (P>
0.05) . B A G far i ] A 2B AN [RITERE F JE AR W0 /E FH BN, O P A i 7 NL Ab B R #BE K (P>0.05) , 1M 7€
NH ZbBE T Y3 fin (P>0.05)

*3 AAFTMEBEXEEATEMLTEN,OFEENSEETENH
Table 3  Multivariate ANOVA for N,O production in marsh soils under the conditions of interactive effects between nitrogen load

and temperature

i H y Ni De ND 08 TP
Items F P F P F P F P F P
AT Nitrogen load level 3 1.820 0.158 0.423 0.738 5.051  0.004*"  0.405 0.750 4.58  0.007**
AT Nitrogen load time 1 12.646 0.001**  1.714 0.198 25543 0.000** 0275 0.603 0.682  0.414
JRLFE Temperature 2 3.699 0.033* 152.558 0.000** 79.686  0.000**  68.195 0.000** 2.624  0.084
AT KT xR AT 1]

Nitrogen load level x Nitrogen 3 9.017 0.000**  4.456 0.008** 7.958  0.000**  3.143 0.035%  0.898  0.450
load time

RGPl B

Nitrogen load level X Temperature
UGBTI i XL

Nitrogen load time X Temperature
AT IKA R AT ]l B

Nitrogen load level x Nitrogen 6 4.088 0.003 " 2.59%4 0.031* 5215  0.000"" 1.971 0.092 2.596 0.031"

load time XTemperature

#x P<0.01; * P<0.05

6 1.345 0.259 0.686 0.662 3.697 0.005 ** 0.896 0.507 2.829 0.021*

2 1.514 0.232 3.302 0.047" 4.562 0.016 " 1.001 0.376 1.100 0.342

WE O055C O 11.5°C A 17.5°C

12 wt9 NN ! NL ! NM ! NH
st s s s
5 50 5 s
o 8o | 52 3 i g
JEN I S R e S YO - O
= 8 e . TE B .8 8
= ] i i & ] o
E -8 R ! A ! A ! A
E ! ! i
g 712 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
22w NN ! NL ! NM | NH
o i i i
2o e e e
iﬂj 41 IAN ﬁ i (] i A O i A E
s g o 1B 28 g & 5
SR - T - S S - — g S
B T A B i S
O ! D i 0 !
I S A RS -
2N De ND OS TP Ni De ND OS TP Ni De ND OS TP Ni De ND Os TP
1 FEHAY Process type

E 3 \AEEREHE TR TN, OF & 13 12 34 5 B 6 I iz

Fig.3 Reponses of N,O production processes to temperature in marsh soils as affected by enhanced nitrogen load
HEN, O 77 A i AR W) BT 5, S A 1 FH 6 AN [i] 80 67 Ak B 8 9 N, O 7 A 38 7 78 B 1) 33 4
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(—2844.80%— —123.03% ) , HiN, 077 L 5 {E WT9 Fl WT21 BHHEIN 11.5 C>5.5 €>17.5 °C, H 11.5 C
S AR BT BN, O A 2 [R] 14 25 573 1K 31 8 2 a8t B 257K - (P<0.05 3% P<0.01) , AL N A ik
FHIIN, O A= i AE WT9 BHRY 5.5 C N BB A Tmg K- T = i i ( P>0.05) AHFAE WT21 B 5.5 C
F11.5 °C N WIBEE F A KF B TH = R (P>0.05) Bl 205 far B[R] 4 2B 4, A [R) R 3T I il AR VR Y
N,O/ A= 5 7E NL A3 R ¥ 7+ (P>0.05) , MifE NH ZL3H R ¥R (P>0.05) o ASIR] U7 far b 38T i Ak A F A
S P 00 A S A A FE G T 1 o oy A 3 AN — 30, i A 200 R SR P A FH RN, O 77 A o 38 {2 I 2 00 A R ] 14
FEATMTFEAIR (NH ZLBRBRAR ), HAE WT21 B A AR (5.5—11.5 °C) XN, 07 A AE 7R3 K iy Il 55 7
(=295.74%—45.88% ) 5 1 7£. 3¢ e i BE (17.5 °C) B WX A [7] B 491 N, O 7™ A= 9 B3 ik 38 i B & (164, 87%—
1694.35%) , Hidr WT21 B 17.5 °C 5 HABIREE T AN, OF= A= & 2 [0 ) 25 0 ik 3] 8 E /K (P<0.05) , filifk
VERIRYN, O A= 5 7E WT9 I AY 11.5 °C AL NL F1 NH AbFRF 300 I 1, 7E 5.5 °C FAX NH 4b L B4 1F
B 7E WT21 B3] N, O AL FE7E NL FI NM ARS8 BB i B2 9 o s i R A1, i 78 NH AR BRI 11.5 C#%
T B NH ARERAN A5 ARAE AN, O Az i 7 HoAth A BT & (A I 20 67 Aoy RF ] 1) 2B T84 i, 384K 5, R[]
AL T AN, OF= A= 7 WTO B I A9 A AR E R (5.5—11.5 C) WARAEWE A b £ %, mife s i g v
(17.5 °C) MILIAE A=A FRN RS AL 20 8 B RS ARV oA 32 Bt 480 60 fr B[] B9 E S, N, O P AR 7R3 IR TR E
(5.5—11.5 °C) A ALVE I AEAE A P0PE I 0 3 MRS R ™ (17.5 °C) W AR PR 4n v B2 Al Ak 7 AR 2R 9
YERIR 32,

2.3 SRR X 42BN, O A i AR 14 28 R ]

BT AKOT B AS [R] o PR 3N, O B 7 A AP R AN R AR BE I AC B RE M (18] 4) . WT9 Fl WT21
BFHAIN, O B A 3404E 11.5 C A NM b B A =, HEAE 4359024 (1.582£4.614) nmol kg™ h™' Fl(-0.576+
0.185) nmol kg™ h™' . Bl F A T K- FIEEE M TH R AR RIRHH AN, O 8™ A i B R 35 2 BNk 3 31 20 50l 1
17.5 C A NM ALBE(WT9) Al 11.5 °C FAY NH ZbFE (WT21) BUSHARAE ( (-2.107+0.182) nmol kg™ h™" Fll
(=2.031£0.33) nmol kg™ h™") , ZHRE Iy 250 R W, F a7 7K il BE | 8057 17 7K 1 > U078 iy Hsf [i] <t 3 ok
N, O = A A AE 52 (P<0.05) (3R 3) o A7 KT RIS XEAS [RIN, O 77 A it B IR A7 A6 A ) B B 1Y
ZHS, AR FHRIN, O Az fH /e WT21 i) 5.5 °C R # NL AbFE &, 1 SR AL BN, O 7= A8 R /e %
W117.5 CF ) NM AL BEAR (KL 4) S90S 4 B B Al AL VE - AN, O™ A= f 72 WT9 B ] 11.5 C T Y NM
b PR v TR A MVE FIIN, O A B 7E WT21 Il 5.5 °C R NH b Bid i (181 4) . ZHE 7 2200 iR,
GRS AT 7K ek B SO i A 48 P B A AR AR FH BN, O 77 A S A7 ZE AR S 3552 ( P<0.01 ), 280 7 far B 1] > 3l B8 %o 2
AR A AL 20 B SRS AR A F RN, O 7 A5 B A7 A B 355 ) ( P<0.05 ), 17 20 671 g 7K ST x G 7 A i 1] < 3 38
SRS FH SRS A A NS Ak 40 B S RS AR A FH N, O 77 A i U7 A i 25 b S 2 B0 ( P<0.05 B, P<0.01) ,

3 it

3.1 AZERH AN, 07 A i X 07 Ay 484 58 14 1 17

ABEFERI, AL [RIAFE & 4 R AR AT AL BT LSRN, O A= S AF PR R W 55 A 1 (181 2) 13t
AT BE A7 AR A AR 5 i e 5w 4 SO T (NOS \NOy ) A 55 3% U ARV E RN, O At AR AR . #1355
X BT AR SE i A I, S R S A A R 52 B B b - SN, O 7 AR A 1 5 4 T A 8 (H H 2 5% X &
HErh A LR S RN Y AT IR R AN, O 7= 25 B K I 55 4 PR AT 1T BB 28067 £ 1 5 4%
PE N ASTRAF Ay 2 25 A RO AL ST LA N, O 3 TN, OHE A D A7 5%, I g 7 4 2R Rt B8 R 4 v iy
Wi 35 SAE A4 B 7 S AU A T AT RE VT AT COY VHCOS FE N JEHLERIE , i 1 Ak S° | S* &5 Jhy AR AR 14
AERE , ATIRKE AR ER (NOS ) FLH A B A ALY R IE J5 N, o Yang S5 RBFFEIRR I, B985 T /Y A % s e ml
3 AR AL I AR P AN O B VR) 1A 3 P L () R R R LR X% 32 DX Y i - 38 v 719 T
HUBR & B e 4 FE S PR KD T4 8 7K (317.50—462.65 mg/kg) ), =2 124 X Ak T4 648 5 9 SR AL -8 SRR 5%, #R
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Fig.4 N,O production from different processes in marsh soils under the conditions of interactive effects between temperature and nitrogen

load level

PEAHAR 3 rp iy 8™ HST R S, 05 k&) 5 NO; 2541 8% 11 3% il Ak T T A€ (8NO; +5S,03 +H, 0—4N, +
10SO2 +2H" ; S +4H"+2NO;—S02 +N,+2H,0; 3H"+5HS +8NO;—5S0; +4N,+ 4H,0; 3HS +8NO,+5H" —
3807 +4N,+4H,0) 7 | b1 I BRI S F T B B3RO AL S T fE LA N, b T AEN,0, X —
fRRE T SR IR 22 R 2R 5 22 00 A Hh i R B s 2K CRUSART R T | 8USA T ATl BE X SR AL B N, 077 A i
PIARTEAE 3550 DL R S i A R BN, 077 A i E NH LB R 55 NH-N/NO;Z-N 777 .35 IEAH X (P<0.05) Y
S5 AMEIE (36 3) , A A AR SR 258 F 9 NOS-N (NH-N/NO;-N JHEr) AT RER KRR AE (% 1) iZ
52T FRBIKS T B A 7= AR R R O e IR BOR R AR 4 25 -5 0N, O 7 AR il Ik, AR
FER R AR A A BE T 755 R AEAEVE BN, O A i 7E WT9 B 3% (A5 T NN Ab B i 78 WT21 B #
W i 0 70 £ 7K T 98 T e T REARR (T8 2) , T3 B R0 B0 A 7K S L7 iy B ] X6 SR A 3 R R N, O 7 A i 1 77 7 T
o (F3), PR 1 AT, WT9 B NL NM F NH Zb T i + 388K (3% 7 (SOC . TN 1 NH;-N) A e NN &b
FRA AR B NOS-N S s8I, i IZ AR 4 2= T 58P 1Y NOS-N A5 AT A 709l = % SR AL 4 T il

http ; //www.ecologica.cn



2664 xR 45 %

JERN, 0 DT 3R S it 25 A SRS AR AR T AN, O 7= 25 B 7E WT9 B I Fr i fin i 7E WT21 i,
RO AL I T 1 IR AR R = T NN BB (3R 1) Rl & NOS-N 5t 35 Bl 28000 far 7K SF 09 3 i B4
73X A BE R 35 AR FL T2 R 30 5 59 35 SO Ak 5 5 S Ry 6 5, ot 75N, O 7= A e o 2 £71 iy
IR T TREATG o 3K — fige g T A A D& AT I oA iE , B R A AL R BN, O 7= A= 5 /2 NN bR 5 NH-N
T FE AR (P<0.05) , 78 NL 4L T 5 SOC 771 i & fi M 56 &R (P<0.05) 5 i 46 NH AL B R 5
NH;-N fEAEMR 35 EAHOCOC R (P<0.01) (R 4) o (AT ERE, ARALHN (NH BRAM) KAHAAE - IN, 077
A R 39t 2067 A P ) A9 S TR I ( PET 2) o ARHFSE R, WO B ] kb BRLR A4 38057 43 (NH-N il NO; -
N) B F WT21 B (3R 1), UERH WT21 WY 38 i 035 00 3 5wl S S g Ak s R P i G 1 1l 338
AN, OF = A= Fe i, 5 A AL BEORTR], WT21 B3] NH AR B R SRl A AR FH BN, O 7= A= 1t A3 BT I (1
2), JRHWTRELE T, NH AP WT21 BHHAY NOJ-N & & T WT9 Bf I (3% 1) , 13 i NOS Al skl T
(4 9 % SR ARVE TR i e 302 A B 52 95 SRS AR 7= A2 N, O A

AR, AEADVE I RAS R 428 LN, O A () B B b B, LA IR AL far A 2R N, O 7= A=
HAE WT9 I AR T NN Ab3 I7E WT21 BB & T NN BR8] 2) , S2bs b, BUA BARDCHF R s 3 1
i, M4 R s AR VE F rT 682 IR Hh 3N, O 7= A I SCBa 7  HOh 295 15%—25% N, O3k [ Fe™
5 NO; RO PN AR T TS [RIR A o B A B 5 AR B, AR AR VR TN, O AR i 9 5
HRAER 1o, 33X 5 T X T R R R SRR A 5 R Rk A A T S Ak BRI v ) P24 (NHL, OH \NO; ) &A= 3E
He W) R AR HEN, O 77 2 (4Fe® +2NH, OH—4Fe* +N,0+H,0+4H" ; MnO, +2NH, OH—2Mn0O+N,0+3H, 0;
4Fe™ +2NO, +5H,0—4FeO0H+N,0+6H") ' 53 A WF5E 2B | SME AU AT X+ 3N, O 7= Ak i AR A4 4 5k
P r= b B T X 5 U A 38 pH AR OGBSl pH AT B2 IR NH,OH 5 HNO, M 7=/ N, 0 /)
fit /1 (NO; +H*—HNO, ; 2HNO,—NO,+NO+H,0; 2NO+2H"+2e¢”—N,0+H,0;NH,O0H+HNO,—N,0+H,0)*’ |
ARSI R TR VI 104 50 A i B R 1% X e (35 1), LS &k A iy 2 R+
HER I AT 2 i (4.9% ) 8 TR E T A (3% ) LR S 15 504 (4.27%) ) %X H 1+
SETCAURE 25 121 3 [ R AR AL T4 KSR, H B TG HLRR &5 2 n] 3k 317.50—462.65 mg/kg™ , HBL AT Ul i) 71.90]
1342 i1 - 39 A ik B ML 5 Sk EG R P K 2 50T LR b T 2, =22 1 i 48Tk — 3 T 3R B A B 0 %5 i
XA e Fe™ iR NO, LUK E i Fe Mn %04k NH,OH Z5EAE ¥t #E 74N, 01 | SR A= Wad BXE AR
) R AT AL BT 4 4N, O AR 4 HA B K 5Tk, Schreiber 28 ABFFE IR 7EA% pH 5 4% Fe®* A ML
M NO, SRR AME T ,NH,OH 2 Ak A i f = AN, O IR 1] 15 20%—80% 'Y, Buessecker %5 [
GEIR K IN, TEAR pH AT Fe™ We B A0 8 (1 18, Al AR Wi B =2k N, O L & 3k 989%™ . ARWFSE IR & JH, R
) & G A AL T AR VR TN, O A= S 7E WTO BHIII I T NN b3, {H Fifi 25 80 67 far ][] A ZE 4, HOAE WT21
A - NN AR B 158 BH 260 617 7K ST > G0 07 A B () % AR [ 4R A5y 4% ZR AR A= WV FH AN, O 7 A it [ A 47 7 22
R (% 3) . M R, AEAYIE BN, O =4 76 NN Zb 3R 5 pH SOC Al NH;-N 4 5 & 3 1F A 5%
(P<0.05) ;7£ NH AbF R 5 NO;-N 2 i 3 IEA1E (P<0.05) , iS5 NH]-N/NO;-N £ & F 7456 (P<0.05) (£
4)  VEBR S AT S5 T R A 354 L B NH-N/NOS-N B9 2846 % T JE 2R Wyt PRI N, O 7 A4 1 fig BAT
Fom . ARBFIEH, WT9 B AR RN A U AR BE R A9 NOS-N S8 2K T NN ALBE i NH]-N &8 %845 T NN
AFR(FR 1) UEIIZ AR 4 25 LA S AL 2 AT RE AR XTS5 , Bt S BOL P R 724 NH,OH \NO, REIEAY)
S 7= A YN, O ] Rl Wil 25 S8 7 for B I B9 SiE 4K, WT21 B 019 NOS-N S 7 T NN AbBE (% 1),
VLA R AEAE ) RN P A N, O W RETE 22, 55 ] 61, 18 035 4378 1 2 52 i) 4 60 A 384 580 2% 1 B AR W0 VB
N, O A [ S5 R 22, BV A AT S AR AR W0V E TSR AL BT 22 14 S 07 6 5T, A4 by G 7™ 2R N, O 3 i, AR F 580
KA 422+ 3N, OF= £ 76 NL FI NH AR T ¥ LIRS AEAE T 5 25 A E WT9 BB &+ NN 4
B MAE WT21 BHESAET NN ARBE (& 2) , XATRR S e AR Y e Candis fh 4 vdi S Ak A ) 55 058 4 g
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BRI, RS R AR A& ZE AU 1 -5 e A 40 31 B AR VR HTBON, O™ A 35 SR AR SR A a3, il , AN TR
AR E ALY BN, OF = LR d e NM AR BN a5, i P 4 i S i AL /i A AR B R ¥ dies (1 2) o 93 5h, Bl
R ] BT AR R A AR R (NH BRAD) S ARV RN, O 7 At 2494 By L7, i Al A 20 1 S i 1k
VERIBIN, O A 2 AT BT R (P 2) X T2 R K i A ad R R sz 7 6 o 9 5 4 8 B2 25 5 A G

F4 FEAFEBEZGTIEN,OFELRESEAMRZBHNHEXXR

Table 4 Correlations between N, O production processes and environment factors under enhanced nitrogen load conditions

P T T
Nitrogen load Production pH EC SOC TN NH;-N NO3-N C/N NH};-N/NO3-N
treatments processes
NN Ni -0.749 0.748 -0.842" -0.482 -0.920""  -0.543 0.419 -0.130
De -0.720 0.547 -0.741 -0.599 -0.821" -0.610 0.553 0.074
ND 0.722  -0.697 0.833" 0.599 0.899 " 0.613 -0.541 0.021
0s 0.812* -0.500 0.824 " 0.511 0.851° 0.567  -0.430 0.103
TP 0.164  -0.027 0.364 0.342 0.201 0.258  -0.268 0.084
NL Ni 0.095 0.563 -0.405 -0.429  -0.517 -0.349 0.362 -0.314
De -0.484 0.629 -0.854" -0.248  -0.477 -0.618 0.096 -0.010
ND 0.537  -0.760 0.873* 0.248 0.382 0.513 -0.086 0.008
0S 0.006  -0.182 0.258 0.269 0.177 0.221 -0.225 0.068
TP 0.855" 0.012 0.361 -0.369  -0.649 -0.120 0.458 -0.592
NM Ni 0.172 0.381 -0.397 -0.907" -0.430 0.619 0.906 * -0.925"
De 0.333 0.441 -0.336 -0.696  -0.200 0.269 0.690 -0.592
ND -0.773 -0.718 0.439 0.420 0.605 0.651 -0.432 -0.079
0S -0.059  -0.165 0.196 0.426  -0.199 -0.540  -0.398 0.562
TP -0.637  -0.453 0.204 -0.186 0.266 0.964**  0.182 -0.642
NH Ni -0.706  -0.719 -0.122 0.905"  0.946" -0.867  -0.856 0.820
De -0.830  -0.906" -0.044 0.734 0.976**  -0.818  -0.679 0.885"
ND 0.843 0.628 -0.054 -0.627 -0.691 0.471 0.525 -0.465
0S 0.670 0.611 0.442 -0.615 -0.791 0.897 " 0.677 -0.910"
TP 0.751 0.106 0.193 0.072 0.008 -0.128  -0.107 0.110

#% P<0.01; * P<0.05

3.2 REXAFE AT+ IEN, 077 A i AR B 5

ARHFFE R R RIAEA & 245 R ar AL R 14 S AR XN, OB I 55/ FH IS TE 5.5—11.5 C A%, MifE 17.5
C R (] 3) X AT RE 5 A Z AT A8 e Ui B2 2% A T S % A AR B 7 A 1 & USR8 NL T AEN, 0 %,
SEBR b B BRI A B A ES 1, RV EE 1) A2 b2 52 i SR Ak 20 B 14 T 1 LA B R DG T R S L i
B ARIR A T BRI ARV E I T B2 7= A B Z AN, O, 1 B 25 TR T+, N, O B9 7= A= L 81l 72 T R ARG, 1t
B SR At AR X TN, O B 7 A e B A i A I B A F Y ik — i B ml Sk i ik 22 IR 3R T 25 A T 4 E 52
RV T SR A7 it B (B X SR AV FH RN, O 7 A i 34 47 7 I 3 b (3 52 1 ( P<0.05 5% P<0.01) , A
FEINR I A FAED 2 24 R A AT AL N AR E DV E R &N, O A i B 2, H AR A RIR B N, 0™
A HEIARRI R 5.5>17.5511.5 C (& 3) , S HEA YA A B0 T B Vi LS R A5 B M 1 IE 52, B 2 A iF
FERR  E—E VR P TR T T R SR AR AR W R AN, O A i) Heil 453 1 S U0 UF S 5 i
M 10 °C _EFFF] 50 CHE,NH,OH i A L= 4N, 0 5 IFERFFE AR, B 58 9 & 5 AR (5.5—11.5
C) AR TARE Y B BN, 077 A | 3X Al HE 5 AR [A] N, O 77 Az o P 0 iR AR SR ME 25 S A 06, R BIR IR 4%
PFF (<5 C)  myAbAE R S A A5 AR i R I AR 45 11 sl 2 S o] > e A A5 Al A et A T 3R A5 T
2 RN LT, h I S SO A IR B A5 R AR AE I E N, O A S 3 e

AW RN TEATFBARREZE ST (5.5—11.5 C) , ARA B ATAL BT AR Y/E - BN, O A - 7E WT9
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LA T NN ZLBR T 7E WT21 B AR T NN AR (/& 3) . F53% 1 Al %0, W9 B NOS-N 5 & b
RO AT T 1 R B 1 AR WT21 B 31 D0) i 280 67 g /K7 ) T i i3, 5 22 A8 A AE AL, & 2R e (IR Tt
TSR FR A AL RN, O A I S5 /R FHAE WO Bt 398 it 260 600 A /K ST (9 T T T R, T AE WT21 Hsf 308 DU o 2L 671
FfAKSE R T R RGN, X S5 SR U WT21 B S 53R A Wit B RS IR AT BB N FE 2, I BULAEAR
] G far AL BE R BN, O 7= A= BT 4 R . 59 A0, A HE X HR AR B WT9 Rf 39 40 6 oy A 8T AR AR 91 FH B0 A%
N, O A i W] R S5 BRI A5 18 I I RS AL/ R R A 55 (&1 4) , FLrp i) 72495 (NH, OH \NO; ) fE AR AE W1
FH BB IAR DA e, BEAE U faf B B) A B4 a0 A T B4R 30 T A BIRANIRE T (5.5—11.5 C) &
S B A Yy peasi v Y IRt T RS AR/ R AT DL R ] P4 (NH, O NOS ) 7=, AT g
SN, FAF AR A R N, O 7= A5 Ht Bifi 25 8 S far KV (4 T 4 A e WT9 Bt I i) R RS A% 28 Sy WT21 st 1)
IONEEI v =E

ARG L, FEA TR AR (17.5 °C) |, A2 B SO A A S AS ) AF 0y & 23 (L HE WT21 B
1) A A ST AR B R - 3EN, O A8 (SRR B B3 (1 3) o MISERFIE BoR  IRR ARBR AR pH &34 AT
AN B SRS ARV E B EAT T PR 20 T S A Ak A R A AR A R 08 — A ikt B, 5—35 °C Rl Ak AR &
TR (AOA AOB) A5 FLIR LTI I 7RISR P R T v 38 5 T 4 o A fasd AR S BB 2 PR 11 3=
JE LA R BRERAE A TEPE DT R T R T A AT 1 ALY 1 A R b B AT I SR AR 5 IX A 4
TR E AR . AEATERRIREE R T (17.5 °C) |, B A Tumg i [a] 2E 4 38 v i 08 80 LA S il Ak 20 B
P Ve R n] BEAT ARG SR )| bR L A5 A AR A ZE R L A0 TR SR AV BN, O A i e 4 v TR 24 1 ik
BTN 3) o AT IR KR, B A 7K A B[]l B 8060 A 7K ST > G807 A i ] <l J3E %of 2% 2000 b+ 48
N, OFA) 7™ A S A7 A 0 2 ol (B 3 5 ) (3R 3) o JR 2 H3EN, O 1 B A i AFE WT9 BB 11.5 C T i
NM Ab PRI IEAEL, TAE WT9 B HA A AL AL B LA K WT21 B 3 B AS [R] Ab BEE5 R (i (T 4) X R 25 RTR
RS KA SR AL AN [F) AR A5y 4 Z2 44 R A AT AL 38R BN, O 7= LR S FEFE B R B S5V FHA ¢, 45 b Al 4, 7E 1
L] 1 b A o eI TR B DA R e N 2R B0 A 30 3 2 A T, TR R R0 60 A X - N, O 7= A 19 25 45 5% ) 2 B W 1K TR
RSO0 T A DI [ 3 350880, T XA Bl TR A X A ZR N, OHE il 2

4 Zig

(1) B FFHETR ST 4 200 1 1 SR [R5 FR AN, O 77 A 1 A 7 ) S ik 28, O [ 4R 4y & 25 (W9 il
WT21) BN, O b= Az i B AE v A B far A BT e o

(2) RAHALAE FIREASTRI A0y 4 25 -3 AN, O 77 A BIAEFE BRI 55V T, AFLECN, O 7= A= k48 A< i 20 7 Aoy
P[] 7 22 T30 5 S ) 2R frfmr A B 1 B A 0/ FH 2N, O 77 A W B 5 AR HHEN, O 7= A= o 7 45 6 P 40
(WT9) Bl 5571 fif KT T 8 2 RIS A, T ZE A i 3 (WT21) U2 T i

(3) B A K5 1 X A4 22 3N, O A i BRAEAE AN I RR B 38 B Rg ), AN [ AR BN, O £ 7E WT9
B BARIRE T (5.5—11.5 °C) AEEAEYMER S 32, 78 WT21 B 8 LARS AL R AE A 07E FE b 3 e 48
BT (17.5 °C) , R4 75+ 5ERN, O 7= A= B LU A= WV RIS T 20 B SR AR VR M

(4) BTGB S T ARG 425 3N, OF= A B A= A Al A 4 o koA 2, H: 3 803 o el 2 + e 55 4y
ARBEAFEMIN, 07725 1) A Wy s AR A= Wy 7 5 7 W VL300 1R A AR B IR ST s 45 E T, 0 0
N, OF=HE 545 5 M B HRTH AL, , M3 B TR X A& 2N, OHE il
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