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Abstract: By using the method of time-space mutual substitution the contribution of different processes in wetland soil N, O production
was studied in the un-restoration wetland ( R;) restoration wetland since 2007 ( R,,;) and restoration wetland since 2002 ( R,y,) of
the Yellow River estuary to evaluate the effectiveness of the restoration projects. Results showed wetland soil total N, O production had
a significant difference in different restoration phases but the N,O release was the main source. The N,O production in restoration
wetland was higher than that in un—estoration wetland. The N,0 production was mainly due to the nitrification and nitrifier
denitrification processes while the denitrification process had great weakening effects on N, O production which was closely related to
the physical and chemical properties of wetland soils in different restoration phases. The non-biological processes made greater
contributions to N, O production and these were mainly due to that iron was reductive while the Yellow River estuary was an area of
highly active iron. Although N,O production in wetland soils was the results of biological processes combined with non-biological
processes in different restoration phases non-biological processes had larger influences and should be paid a special attention. There
were different influences on wetland soil processes generating N, O between temperature and water content indicating responses of soil
microbial activities to temperature and water content were different. In addition the N, O production contents ranged from 0. 37 +0. 08
nmol* ( kg*h) ™' 109.75 +7. 64 nmol-( kg*h) ~' in marshes of the Yellow River estuary which was slightly higher than those in the S.
alterniflora wetland soils of the Min River estuary but significantly lower than those in the C. malaccensis wetland soils of the Min

River estuary the grassland soils and the aerobic forest soils. We found that the long-term implements of ecological restoration project
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in the Yellow River estuary obviously promoted N,O production

weakening greenhouse gases in the next wetland restoration project.

so we should consider two factors of landscape restoration and

Key words: ecological restoration; Phragmiies australis marshes; nitrification-denitrification; non-biological processes; Yellow River
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80% WHC Ry R 2 N0
25°%C 80% WHC Table 2 Results of ANOVA for N, O production in wetland soil under
the interactive effects of temperature and water content conditions
R’O N l{2007 RZOOZ N2 O F P
(P <0.05) Ry Ran 9. 160 0. 009
N,O (P<0.01) R, 18.189 0. 003
X 12.542 0.003
R'O R2002 N2 O
(P<0. 01) ( 2) . 2.260 0. 151
Raoes 5.272 0. 042
( Ry~ Ry R2002) X 1. 849 0.203
N,0 13.029 0. 007
( 4. R, 20°C  60% WHC R0 41.125 0. 001
X 17.073 0. 003
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Table 3 Physical and chemical properties of wetland soils in different restoration phases
. TN SOC NH,” N NO; N
- p -1 -1 - -
/c /dS- /mgekg /g kg . 1 . 1
M (<2pm) (220 pm) ( 520 pm) methe ke /meg*kg /mg*kg
R 0~10 6.31 46.07 47.40 4.33 7.97 541. 94 2.37 6.75 7.26
0 10 ~20 5.46 41.12 53.42 1.32 7.98 428. 48 1.01 9.22 5.04
R 0~10 6.31 46. 83 46. 86 0.16 7.64 679. 63 4. 64 9.83 5.37
0 10 ~20 5.99 42.57 51.44 0.18  8.27  485.52 2.05 7.94 5.36
R 0~10 7.96 65.42 26. 62 0.2 7.88 1027.07 6.12 11. 88 5.59
e 10 ~20 7.25 55.98 36.78 0.16  7.97  715.41 3.71 12. 41 3.28
4 N,0 n
Table 4 Correlation coefficients between wetland soil processes generating N, O and soil physical and chemical properties
NO; N H; N
pH (<2pm) (2~20 pm) ( >20 pum) 3 NH, s0¢ C/N
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0.930** -0.189 0. 008 -0. 408 -0.043 -0.204 -0.105 -0.289 0. 602
-0. 407 -0.386 0.258 0. 328 -0.322 -0.818" 0.768 0.218 -0.290
-0.955** —0.092 -0.105 -0.302 -0.028 0.077 0.170 0.415 -0.450
N,O -0.775 -0.462 0. 186 0. 187 -0.107 —-0.340 0.437 0.563 0.256
1) * P <0.05 * % P <0.01 ;o n=18
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Table 5 Comparison of N, O production in soils
N,O )
pH SOC/g*kg™' TN/mg-kg™' C/N /h /C /nmol * ( kg*h) !
32.7% 7.98 1.69 485.21 24.8 24 25 0.37 ~0.43
2007 43.2% 7.96 3.35 582.58 26.6 0.62 ~9.75
2002 44.1%  7.93 4.92 871.24 22.9 2.42 ~4.88
41.3% — 4.71 474.25 38.3 24 0.61 43
55.8% 5.37 557.25 28.2 0.65
80% WHC 6.82 43.39 1513.08 — 24 30 38.38 a4
80% WHC 6.77 44. 86 1479.76 -0.51
o J—
20% 7.80 36.74 500 24 34 16
40% 184
E{ose Lake : _ 5.0 24.9 — 12.3 20 25 125 ~379 45 7
Warren Woods 3.80  14.2 20.9 4.46 ~41.96
“LOKPa 5 5y 27085 — — 50 25 384 33

-0.1 kPa 564




3118

35

TN N,0
0. 653 nmol *( kgeh) ™

44

0. 607 nmol+( kgeh) ~'.

N,O - 0.51
nmol*( kgeh) =" 38.38 nmol*( kg*h) '
N
N . Robertson
45
pH Rose Lake N,O
125 ~ 379 nmol-(kg*h) ™'
Warren Woods N,O
4.46 ~41.96 nmol-(kg*h) ~'. Webster %
N,O 384 ~564
nmol*( kgeh) ~'. N,O
(50 h)
Wrage '
N,0 34 ~ 184
nmol + ( kgeh) ~'.
( N .« pH. . )
( . )

N,0 2
24 h

30°C

50 h

25°C 24 h.

N,0
N,0

N,O
N,O
Fe

11

12

Wang W C Yung Y L Lacis A A et al. Greenhouse effects due
to man-made perturbations of trace gases J . Science 1976
194( 4266) : 685-690.

Bouwman A F. Exchange of greenhouse gases between terrestrial
ecosystems and the atmosphere A . In: Bouwman A F. Soiland
thegreenhouse effect proceedings of the international conference
Chichester: John Wiley

on soils and the greenhouse effect M .

and Sons 1990. 61-127.

- ] .
2007 18(1): 185-192.
N,0 NO
I 2012 44(5): 712-718.
N,0
I 2012 24(10) : 2054-2061.
Shingo U Chun-Sim U G Takahito Y et al. Dynamics of
dissolved O, CO, CH, and N,O in a tropical coastal swamp in
southern Thailand ] . Biogeochemistry 2000 49(3): 191-
215.
Muiioz-Hincapié M Morell ] M Corredor J E. Increase of
nitrous oxide flux to the atmosphere upon nitrogen addition to red
mangroves sediments J . Marine Pollution Bulletin 2002 44
(10) : 992-996.
Gregorich E G Hopkins D W Elberling B et al. Emission of
CO, CH, and N,O from lakeshore soils in an Antarctic dry
valley J . Soil Biology and Biochemistry 2006 38 ( 10):
3120-3129.
Wang D Q Chen Z L Wang J e al. Summer-iime
denitrification and nitrous oxide exchange in the intertidal zone of
the Yangtze Estuary J . Estuarine Coastal and Shelf Science
2007 73(1-2): 43-53.
DIN
J. 2005 25(5):
686-692.
Zhu R B Liu Y S MaJ et al. Nitrous oxide flux to the
atmosphere from two coastal tundra wetlands in eastern Antarctica
J . Atmospheric Environment 2008 42( 10) : 2437-2447.
Sun ZG Wang L L Tian H Q e al. Fluxes of nitrous oxide
and methane in different coastal Suaeda salsa marshes of the
Yellow River estuary China J . Chemosphere 2012 90(2):
856-865.
SunZ G Wang L L Mou X J et al. Spatial and temporal
variations of nitrous oxide flux between coastal marsh and the
atmosphere in the Yellow River estuary of China ]
Environmental Science and Pollution Research 2014 21(1):
419-433.
Cui BS Yang Q C Yang Z F et al. Evaluating the ecological

performance of wetland restoration in the Yellow River Delta



N,O 3119
China ] Ecological Engineering 2009 35 ( 7): 1090- 30
1103. J. 1997 (4): 32-36.
15 31
I 2011 31(16): 4778- D . : 2012. 11-33.
4782. 32 Aulakh M'S Remnnie D A Paul E A. Gaseous nitrogen losses

16 Wrage N Velthof G L. Laanbroek H J et al. Nitrous oxide from cropped and summer fallow soils J . Canadian Journal of
production in grassland soils: assessing the contribution of Soil Science 1982 62(1): 187-195.
nitrifier denitrification J . Soil Biology and Biochemistry 2004 33 Webster F A Hopkins D W. Contributions from different
36(2) : 229-236. microbial processes to N,O emission from soil under different

17 moisture regimes J . Biology and Fertility of Soils 1996 22

D . : 2012. (4): 331-335.

18 Linn D M Doran J] W. Effect of waterilled pore space on 34 Wrage N Velthof G L Van Beusichem M L et al. Role of
carbon dioxide and nitrous oxide production in Tilled and Non— nitrifierdenitrification in the production of nitrous oxide J . Soil
tilled soils J . Soil Science Society of America Journal 1984 Biology and Biochemistry 2001 33(12-13): 1723-1732.
48(6) : 1267-1272. 35 Fe

19  Magalhdes C Costa J Teixeira C et al. Impact of trace metals Mn I 2013 34(11):
on denitrification in estuarine sediments of the Douro River 275-282.
estuary Portugal J . Marine Chemistry 2007 107(3): 332- 36 Joergensen R G Brookes R C  Jenkinson D S. Survival of the
341. soil microbial biomass at elevated temperatures J . Soil Biology

20 N,O and Biochemistry 1990 22(8): 1129-1136.

I 2014 35(2): 792- 37  Breuer L Kiese R Butterbach-Bahl K. Temperature and

800. moisture effects on nitrification rates in tropical rain forest soils

21 N J . Soil Science Society of America Journal 2002 66( 3):
I 2002 22(12): 2147- 834-844.

2153. 38  Stottmeister U Wiener A Kuschk P et al. Effects of plants and

22 . NaCl N microorganisms in constructed wetlands for wastewater treatment

J. 2006 25(4): 945-948. J . Biotechnology Advances 2003 22(1-2): 93-117.
23 39 Malhi S S Mecgill W B. Nitrification in there Alberta soils:
J . 2012 32(9): Effect of temperature moisture and substrate concentration J .
1683-1687. Soil Biology & Biochemistry 1982 14(4): 393-399.
24 40 . N,0
- I 2013 33(8): J. 1999 10( 1) : 53-56.
1413-1419. 41  Williams J R. Addressing global warming and biodiversity
25 N,O through forest restoration and coastal wetlands creation J .
J. 2011 20(2): 384-388. Science of the Total Environment 1999 240( 1-3) : 1-9.

26  Strauss E A. The effects of organic carbon and nitrogen 42 Jenkins W A Murray B C  Kramer R A et al. Valuing
availability on nitrification rates in stream sediments D . Notre ecosystem services from wetlands restoration in the Mississippi
Dame Indiana: University of Notre Dame 2000. Alluvial Valley J . Ecological Economics 2010 69(5) : 1051-

27 - 1061.

J. 2008 39(6): 1462-1467. 43 N,0O

28  Flowers T H O Callaghan J R. Nitrification in soils incubated D . : 2011. 69-76.
with pig slurry or ammonium sulphate J . Soil Biology and 44
Biochemistry 1983 15(3): 337-342. D . : 2013. 84-

29  Riickauf U Augustin J] Russow R et al. Nitrate removal from 94.
drained and reflooded fen soils affected by soil N transformation 45  Robertson G P Tiedjea J] M. Nitrous oxide sources in aerobic

processes and plant uptake J . Soil Biology and Biochemistry

2004 36(1): 77-90.

soils: nitrification  denitrification and other biological processes

J . Soil Biology and Biochemistry 1987 19(2): 187-193.



