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THERER, BEEH 70803)

B OE OUEAHEAKREMNERKEKX(R)). 2007 51K Z X (Ryy,) 2002 &2 K
(Ryoy ) EFRIANARMEL , HAXT ARHSEMAMEHLEN,0 FEFRNPHE T
BAERERW. BARANO, -NBAMEKEREHFTIENOLFLENYHTRAATEHEIA
(NH,"-N) B & H40H T R, £ 8 N,0 &7 & & 2% NO, -N Hr A Xt Ry, & & £ N,0
BFEEEWNYHAEART Ry, B FW N0 FAEHMARNENE T E W KEKXE
3ty R AL A B R AL 4 R R A B % NO,T-N S NI B B B T R, £ 7~ £ N,0
WA TRZHEYHHATEE RE N, -NBHANERLENOMEFLEEY WAL, EH
BONBEARAR T Ry 28 0 A Ak 40 T R B AL 1E A\ Rypg, 138 B9 8 AL 1E L A0 Ry, £IE B9 3E £ 4 1
AL BB T ,NO, =N B ARt Ry \Rygoy 7 Ry B HL 3 N,O =AW A WIER EERI N M
FONH, -N S AN AR EH T Ry Ry, BH T EEAEMERABNO FAE, XE5XRAFE
SH A £ pH B9 7 E B B AR K AR KL, NO,T-N By N R R A T 38 M 3R B9 N,0
RPELEE RETRABMEEADERMEANERANTRER FASKETIRFEN
E R H N (NO,-N) B % 2|45 5] X E.

KR KA EH; N,O; #A-KEMER; AfN; HAO

Effects of exogenous nitrogen on N,O production processes in wetland soils of different resto-
ration phases in the Yellow River estuary. SUN Zhi-gao'* , SUN Wen-guang’ ( 'Institute of Geo-
graphy/ Ministry of Education Key Laboratory of Humid Subtropical Eco-geographical Process, Fujian
Normal University , Fuzhou 350007, China; *School of Plant, Environment and Soil Science , Louisi-
ana State University, Baton Rouge 70803, USA).

Abstract: The effects of exogenous nitrogen on N,O production processes in the soils of un-restora-
tion wetland (R, ), restoration wetland since 2007 ( R,,; ) and restoration wetland since 2002
(R,y) of the Yellow River estuary were studied, and the contributions of different processes in
N,O production were determined. Results showed that the N,O production of restoration wetland
soils ( R,y and R,y ) with NO, -N addition was much higher than that with NH,"-N addition, but
both NH,"-N and NO, -N additions demonstrated inhibition on the N,O production of soils in R,.
Although the effect of NO, -N addition on the total N,O production of topsoil in R,,, was signifi-
cantly higher than those in R,y , the values in R,, and R, were greatly increased with increasing
NO, -N addition. The denitrification and nitrifier denitrification processes in restoration wetland
soils (R, and R, ) were greatly affected by NO, -N addition, but no significant influence on the
non-biological processes of soil in R, was observed. Although NH,"-N addition did not produce sig-
nificant effects on the total N,O production of wetland soils, the nitrifier denitrification process in R,
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soil, the nitrification process in R, soil and the non-biological process in R, soil were generally
stimulated. In R, and R, soils, the N,O produced by non-biological processes was generally eleva-
ted with NH,"-N addition, while with NO, -N addition, the non-biological processes generating
N,O in R,, Ry, and R,y soils were generally inhibited, which was closely correlated with the
regulation of soil pH caused by the import of exogenous nitrogen. This study found that the enrich-
ment of NO, -N greatly enhanced the total N,O production of wetland soils and significantly altered
the original contribution patterns of biological and non-biological processes to N,O production.
Thus, special attention should be paid on the influences of nutrient import ( particularly NO, -N en-
richment) induced by ecological restoration project on N,O production of wetland soils.

Key words: restoration wetland ; nitrous oxide (N,O) ; nitrification-denitrification; exogenous ni-

trogen; Yellow River estuary.

N,0 ZUKT €O, Fl CH, () H E R &= <Ak, 1
VRO 2 HAE S 25 100 4F ot 4 BRR 2 2400 1Y
TIRRIK 4% ~ 7% Y5 16 I i A Ay [ 1 A0 VA 9 2 0
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Frpk it 722 Bouwman' 48 | IR Y S AR
fb- R SARAE FR T 7= A2 19 N, O 25 23k RS N, O
S 90%. (HWA IR, 1P E 4 N,0
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AR A BRAR B 149 52 M £ B0 24 1 9 AMOF 5 17 4
SRR, EANE X AN AU A SR U I
N, O HEBGE R A BUAIL ] B 52 m [ 28 647 T 8 2 0F
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R AnXHE b 4 5 N, O Az AL 8 52 e A 5 A R DL
Wil 2T, AR SO Wrage Ll 5] 2004 4EHIE
AR 5E 7 ik, it & NP RS BT T AN Rl AU A
FRAUFNRLBE T A R 2 By B e 20 N, O A Al
B B BTk, 24T T AMIE AU A XS N,O HERGS R 1
S BF S5 SO A BY T 0P Al B AR S A TR
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1962 mm , 4ER K &N 551.6 mm, 70% &K EE T
7.8 XIS M A4 P30 (CF 33 [ A 1/8000 ~
1/12000) , A= Z54% Jry i 25 AR A0 30 S 1R b 2RI 4
L DA Ay

1.2 Wk

12,1 FESCRAES A B XA F 1L AR B = £
PN FE SR AR DX R T I A B oty D 809 11 45 Bt P e [X
BN (1) AR AP ACRAE  —ShE” iy S
WEARWKE X (BT — H A FRACIRE R, |
2002 4EPRE X ( H 2002 FHFUHA WK E , REERTE
PR 10 4 Ry, ) F1 2007 4EPKE X ( A 2007 4EFF 4R
IR R KA 5 47, Ry ) 3 A SLHL 27 35
T Hb A M 7 A5 SRAE DX PSR AR 3 S B 1T, R
FEVRBE R 0~20 em, RFEEIFE A 10 em. S8 5 XT3 4>
PIRRE S AT AR R IR A, 2R AE 12 A 148 .
PR ERE 00, AR R R A e Al
YIBRAR A2, BRI HLES 6%, 20 il 2 1. — I T
TSI E (3R 1) s 53— T H gl -
1 pH (R B BE T (PHS-3D) Ml 5 (/K 421 2.5
1), R (KA LR S EC) SRTH $:% (DDS-
307 EFRLOME (KL S 1), BE(TN) RH
JCEMHHALINE ,NH,*-N 1 NO, -N F 2 mol - L'
(1) KC1 &2 $& )5 38 1 3% 22 3t 8) 43 BT 4% ( Bran-Lubee
AAA3) M RE A HLBR FH o iR A A S R B0 2 1t
FE , R R PO BE SO 22 |, 4 B B il 432K
1225 FRER10 g 3 2 mm FLAHAY 3 At
W AERE (RS> 0~10 F110~20 em WA+ J2) |, 7
SBCA 300 ml. I 3% . 038 & 2 B oK )R 3 )
80% HI [ HF7K 1 (WHC) , H-JEF Y BV H 47 2 5 A
REWE 4 DB E (N0, -N) Hi ABS L X HE (0
mg - ke, N,) KA (0.01 mg - kg',N,) . H &
(0.02 mg - kg™',N,) FIE & (0.03 mg - kg™ LN H
W FELEAH T AR ZE TP [R1HT — /AL, P9 A B 38

F1 g ER

\ BE$ Legend
L B HY; Management
station
X Restored area
[ Yellow River

B B =AU A RO DAL SRS DR A
Fig.1 Location of the Yellow River Natural Reserve and experi-

mental sites of wetland restoration.

B EINEE B AR , B IE M REAR i S 2
BRI A0S VR SR BURE 11 2 & Rl &%
ANFLAR T b RECB 1R TR BT 25 °C By 3R4E TR
Bige 1 d e, He B 2 TR a8 in 30 i 500 5 4k 22 AE
25 CHEIRIEFRA IR SR 24 b2 BIFE Il 50 5
FRFRHHE 0.6 1 24 /NEHIIBCE 3K, 37 21 Agi-
lent 7890 A ELIEAIN & N,0 & &K1k 3 &
52,3 288 1y, BFFT NO, ™ -N i AXF N,O A= i FE )
SO R RVRE O vk, B0 4 DR (NH,-N) i
A BE. XM (0 mg - kg', N, ). MK & (0.01
mg - kg' ) N,) A (0.02 mg - kg™, N,) FlE A
(0.03 mg - kg™ |N,), % 3 NEE, It 288 £y, W 5%
NH, *-N iy AXT 3 N,O 25 S F2 i 5.
L2338k N,O PR R0,

N,0,,= N,0,-N,0,,

N,0,.= N,0,-N,0,,

N,0y,= N,0.-N,0,.-N,0, -N,0,,= N,0, -
N,0,-N,0,+N,0,,

N,0,= N,O,,
XN, 0y N, 0y, (N, Oy, (N, 0 73 2R i AL A

Table 1 Physical and chemical properties of wetland soils in different restoration phases

BE A TR URLZE A Grain size R pH TN soC NH, *-N NO;™-N
Site Soil depth A K Wk Electn'fza-l (g-kg')  (g-kgh) (mg-kg™') (mg-kg)
(em) Clay Silt Sand conductivity
(<2 pm) (2~20 pwm) (>20 pm) (dS-m™)
Ry 0~10 6.31 46.07 47.62 4.33 7.97 0.54 2.37 6.75 7.26
10~20 5.46 41.12 53.42 1.32 7.98 0.43 1.01 9.22 5.04
Rooor 0~10 6.31 46.83 46.86 0.16 7.64 0.68 4.64 9.83 5.37
10~20 5.99 42.57 51.44 0.18 8.27 0.49 2.05 7.94 5.36
R0z 0~10 7.96 65.42 26.62 0.20 7.88 0.10 6.12 11.88 5.59
10~20 7.25 55.98 36.78 0.16 7.97 0.72 3.71 12.41 3.28

TN: B4 Total nitrogen; SOC: 3 HLikK Soil organic carbon. T[] The same below.
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Table 2 Inhibitors used and their effects on soil processes generating N,O

pAlLbuR Xt iR /i C,H, X o, /b C,H, FIKH 0,
Affected process Control With small With mass With small
(C) concentration of C,H, concentration of O, concentration of C,H,

(0.1 kPa) (A) (100 kPa) (0O) in 0, (AO)
4B Nitrification + - + _
b 40 e S AEAE A Nitrifier denitrification + - - _
JZ 8 AEVE ] Denitrification + + — _
e A= 1E H Non-biological process + + + +

+: B FRAT LA AE Process could take place; —: BEid FE#EME] Process was blocked.

FH R ASAAE R A4 S s AV E R AR AR Ve
9 N,O 77 E 8 TR C A L0 FAO Iy IE L 2.
ARV B B 1 A ] 3 #2 NL,O BTk i) & o 80k
R N,O P 5 e . B R R i
T R N, O, Tl 3R /R AR A7E Fo At i 72 5 %0 2
S 4 SN FE S, A R IR N, 0.
FFHG A HIF 5 0.6 F1 24 h J5E (1K) N,0 HE
R (L - L), N Slope PREL, K15 N,0 ¥
B[R] 722 Ak ) [ iR (de/de ) S FEUA DL BE
IR1>0.90 MEUE , 3% F 3155 N,0 =A%,

KPR N0 AR (g - kg™« h™') sde/de AL
TR N, O ¥ BE Rl s ] A2 A0 i [l i Ze b3 (L -
L™« b)) VR IGER N SRR (L) s W o T 5
W (g); My h N,O T (g) ; My NFRAEIRST
1 mol KRBT (L) s T NIEFRIREE (K).
1.3 B

iz ] Origin 8.0 AP X B 24 74 BRI AR >R
JH SPSS 16.0 K 4 %t AN [ 4K &2 By B (R, Rygg N
Rayr ) AR A A (NO,™-N B NH,*-N) %y A &b B ]
A 22 S5 34T 5 R 5 22 53 B ( One-way ANO-
VA) , BEHKFBE N a=0.05.

2 ERESH

2.1 N,O Al A X il 25 U A i R

NO,™-N H ABHEEXT Ry Raggy F Ry, 1 HI RS2
THEN,0 S AR RS i 2 H 2E R AER (K 2).
BEE NO, -N fi A RYHG I, Ry 1Y N,O B A iR
FE A ET W A 38 in A, Ath ZU AA B BTG
5. 5 2Z ARIA], Ry, B9 N,O 72 A AR i R AL HLR 38
3.7 A% T Rage, [ N, O B = A s AR P AR
FACFE T 43 B H0 25.9 101.6 1 169.4 5. )7 25>
FraR B, AN ER S B Bt (R, Rogr 1 Ry, ) B M - 358

N,O S Az st AEAN ) U AL B ) (9 25 RO F AN B 2
(P>0.05) . HART 5, 2l A AL B A [F 4K &2 B B
T 398 N, O AR 2 A 52 25 S A R IR R Ak B
R O AR R A AR AE o5 3 SR i
AR AH B S A6 A FH 22 30 R AR K B8 #5547 FH 5 Ryg, 1Y
SAEARAE R R At B S A AR TR AR AR 4 T 3
SR Ot H R A AR S 0 10,71 4%, IFAE
N,O = fE i B4 2 AE . 5 Z A0 H, Ry, B
TRAVE AR A /R FH 32 208 A6 b /b B R,
A T A R S A 1 P A 32 e A1, oA Fe 1 52
S A0 5 R 00, FUR LA FH FIAH 10 28 7 S A A AR
FHYTOR S 38 T, 5351386 0 306.48 1 84.50 £ 17 Ry
() AR VE FHS N 4.86 4%, 346N, O P2 A it fe v &
SR S R BER  R WO RE ALAE F AR AR W1k
FHBEINELS SRR, T Ry, AT Ry, B SR AL AE
P mniA &, 38 N,O FEAE B s AR AR R
100.0% F11 93.0%.

MY 2 2 R N,0 77 A 532 NO, ™ -N g A
RIS )2 H IR (K 2) . 5R)Z LIS 2 A,
R +Rogor F1 Rogon B N, O B = A B AEAR AL AR
RACFRT I i R BT 5, U AL A 7]
PR K Bl 3 N, O A o B2 (15 0 Bt AN ).
TRAEALBE T Ry A R0, AR A1 20 B8 S A AL AE FH AN AR
AYIVE Y2 BB AR o, A8 A0 VR I A 1 2L 5
F A 5 Ry AR NLO Az et A A i 107 A5 13 55l
— 3, Bz B I B L R AL BER Ry, MRS AR
RS I SIEAEMER — R E S L S1EM;
Ryl Ry, IR A AHAAE T L S AAE FH A At 40
PR A AR A FH 32 B S 4 . 3 AL 3R R, H AL
TR S AR E FIAEE A VR Y NLO P2 AR Tt
M Ry F1 Ry, A= W04 (A AL - 52 8 AL AE FH AN 1k
Y AR ) Y B A . 7 25 e i B, A
FAST Ry Ry A Ryggo 18 AHALAE L 8 1 40 B
RABACVER AR A /E T B N,O 7= Ak it 4 fF A
LS (P<0.05).
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2.2 N,O Az pliad R x4 AU A i i

NH, "-N % ABAEEXF R, Ry A1 R0, 18 11 32
HHEN,0 BE RN 2 R K (K 3). M E
NH, *-N i A3, Ry A N, O 7= A g ST B AR
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AT Ry N,O A it F2 1
N RS AR R AR S AR R A TR AG T £k 40 T

M /I A e S A

8r 0~10 cm Ro 1001 r Rzm 1000 szz
800
4 -

. 50 600 [

=

-0 400

2

Q L 0 200

z -

g 0

£ _so— . . . 2200

=

2 570~20cm o 8r

8,

o, L

z 41

L L

4

LR 2F L

Q

4

-6

Ni De

ND

os

TP

-6
Ni De ND oS TP

2 FHASEHAXEH T N, O PR A AR Y R
Fig.2 Effects of NO, -N addition on wetland soil processes generating N,0.

Ni. fbVEMH Nitrification; De: S fi§ e Denitrification; ND. il Ak 20 & SRS A6 /F - Nitrifier denitrification; 0S: IF 4 #) & Non-biological
process. TP, PR A Total production. FId] The same below.
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Effects of NH,"-N addition on wetland soil processes generating N,0.
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(RHARAE T Al A 40 B8 S i A6 VE FH AN RS AR VE D) il
B4 W & AN I B R NO, ™ -N i A K F) o oy
JEFEAR BT R I, PR X 1 4 8 Y I il AR AR
FHREE Ak 20 T Al A4 32 NO,™-N i AR 52 e 3
IR ARTE NO, =N #ii AJK T, Ry 13EMI N,O
FE A B DL RS Ak AR FE AN T 40 R R AR 1R R
F ,{H NO, ™ -N i AXT R, W0 Hl 4 18 A5 ) 3k 2 1) 52 i
ARK. Seitzinger %22 {Y0F 75 A 0, I Al 4k T
NO, ™ -N 75 i F1 - 547 AL 1) mT )R 3 96 Tk
PESE . Ry, A A L2 SOC &t 5 T Ry Ml Ry, HTLA
FOR A AL s S s o, {H NO, ™ -N 3SR S il AR 1 FH A
BT, Ry AR 2B NO,™-N F&#ALF R M
Ry » R IEARH S A T B0 7840 R BT k.
I, NO, ™ -N 5 AR Ry, 3 AY SRS AL VR FH AL T
K SNV HE T A0 T H N, O 172 A A RS s
FURRILEIE. Ding %2 45 Y, 40T 1Y B Gl b V8 A
NO, ™ -N =z BRI 917 G0 T i TOR Y b i A Lk 75
RE X AT RE & 530 NO, -N 5y A X R, 11
FAEAAE RS2 M AS KA B L T Ry, 13 SOC
B AL Ry MK, NRET BB S A AR TS 5
TEARAE A BT 7 B R 2, PR DL AT RE 3 R, &
B R AR AE FHAT NO,™-N i A B0 107 I A B i AR
7T K& B, NO, ™ -N iy AST R, i -+ 35 4 9y 5 7
(RS2 e AN B 58 D PR PT RE 2224 3 DT . —J2 R,
1) EC Bmr , AR TS5 RS VE B UE 6 30
T Ry MY SOC & Al , NREH R, B Hl 118 [ fif 4k
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