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Abstract

Aims  Atmospheric nitrogen deposition derived from fossil-fuel combustion, fertilization, land clearing and bio-
mass burning is occurring over almost the entire world. As an important ecosystem, wetland in industrialized re-
gions has experienced greater rates of nitrogen deposition in recent decades. Our objectives were to determine the
effect of increased nitrogen deposition on the diurnal and seasonal variation of soil respiration in a reed (Phrag-
mites australis) wetland and to relate the variation to environmental and biological factors.

Methods From June to October 2012, we conducted a simulated nitrogen deposition field experiment in a reed
wetland in the Yellow River Delta, China. The levels of nitrogen deposition were control (CK), low nitrogen (LN)
and high nitrogen (HN) with 0, 50 and 100 kg N-hm™a™, respectively. Soil respiration was measured during the
growing season by using a LI1-8100 soil CO, efflux system.

Important findings Nitrogen deposition promoted soil respiration in the reed wetland during the entire growing
season. Compared with CK, the LN and HN treatments increased the average rates of soil respiration by 19% and
58%, respectively. Surface ponding had a significant effect on the diurnal variation patterns of soil respiration.
When there was no surface ponding, the diurnal variation of soil respiration in different treatments all showed “a
unimodal” pattern. When surface ponding occurred, the diurnal variation of soil respiration did not show a uni-
modal pattern or the peak value of soil respiration rate was delayed. In addition, response of soil respiration to air
temperature was affected by surface ponding. When there was no surface ponding, soil respiration exhibited a sig-
nificantly positive exponential relationship with air temperature, which explained 69.9%, 64.5% and 59.9% of the
seasonal variation of soil respiration in CK, LN and HN, respectively. However, there was no significant relation-
ship between soil respiration and air temperature when surface ponding occurred. The Qo (temperature sensitivity
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coefficients of soil respiration) of CK, LN and HN were 1.68, 1.75 and 1.68, respectively, suggesting that low ni-
trogen deposition increases the temperature sensitivity of soil respiration and high nitrogen deposition has no

significant influence on it.
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Table 1 Comparisons of soil physical and chemical properties in different treatments (mean + SE)

S TR SR T R XA ALK
Treatment  Soil depth (cm)  Ammonium nitrogen (%)  Nitrate nitrogen (%)  Total nitrogen (%)  Total carbon (%) Organic carbon (%)
CK 0-10 1.19£0.11° 0.76 +0.18° 0.06 + 0.00% 1.57 +£0.02* 0.42 £ 0.04°

LN 0-10 2.00£0.12° 1.85+0.67% 0.08 £ 0.01° 1.89+0.13% 0.98 +0.07°
HN 0-10 2.13+0.22° 2.01+0.88" 0.09 + 0.00° 1.71+0.10° 0.84 +0.03"
CK 10-20 1.12 £ 0.09° 0.60 +0.08* 0.05+0.01* 1.38 £0.05 0.30 £0.03°

LN 10-20 1.92 £0.24° 1.08 £0.34° 0.07 £0.01* 1.80 £ 0.05% 0.84 +£0.03*
HN 10-20 1.81+0.15° 0.92 +£0.24* 0.09 +£0.01* 1.85+0.13 0.69 £ 0.04°

CK, 0 kg N-hm2.a™; LN, 50 kg N-hm2.a™; HN, 100 kg N-hm2.a™. i) — 3= 2R A — #1 oA [ 7R 3 /R A B ) 25 5 42 3% (p < 0.05).
At the same soil depth, different letters within the same column mean significant difference among different treatments at 0.05 level.
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Fig. 1 Seasonal variations of meteorological factors and aboveground biomass of Phragmites australis among different treatments
during the growing season in 2012 (mean + SE, n = 3). A, Air temperature and soil temperature (5 and 10 cm depth). B, Precipitation.
C, Soil moisture (10 and 20 cm depth). D, Seasonal variations of aboveground biomass of P. australis among different treatments.
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Fig. 2 Diurnal variations of soil respiration rate in different treatments in Phragmites australis wetland when there is no surface

ponding (mean £ SE, n = 3).
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Fig. 3 Diurnal variations of soil respiration rate in different treatments in Phragmites australis wetland when there is surface pond-
ing (mean £ SE, n = 3).
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Fig. 4 Difference analysis of daily dynamics of soil respiration rate in different treatments in Phragmites australis wetland (mean +
SE, n = 7). Different letters mean significant difference among different treatments at 0.05 level.
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Table 2  Seasonal dynamics of soil respiration rate in different treatments in Phragmites australis wetland (mean + SE)

H4# Month CK (umol COym™2s7?) LN (umol COzm™2s7?) HN (umol CO,m2.s7%)
6J1 June 1.95£0.13° 1.95 £ 0.16" 2.68 £0.18°
7H July 1.65 £ 0.09° 2.23£0.32° 2.78 + 0.35°
9H September 2.11 £ 0.09° 2.57 £0.09° 3.33+0.11°
10H October 1.19 +£0.09° 1.50 +0.12" 2.13 £0.20°
A=KZE Growing season 1.67 £0.15 1.99 £0.17° 2.64 £0.21°

CK, 0 kg N-hm2a™; LN, 50 kg N-hm2.a™; HN, 100 kg N-hm=2a™, [r]—47 H AN [) B 36 7= b B ) 22 57 5. 3% (p < 0.05).
Different letters within the same line mean significant difference among different treatments at 0.05 level.

doi: 10.3724/SP.J.1258.2013.00053
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Aab BRATE - SRR T A3 ) 4 v T 19%A1158% . T 2
M7 2 W HN A 2 (1) - 807 0 5l %6 18 2 = T CK, M
LNALH HCKZE R AR,
2.4 R X IR AE IR AY 20
241 thEFFUKES, B X T IEEIR ARG

B FAI S TR, MU SRR I, 25 AL B
AR IR AR ) SR R (U 5 emiRAL TR
10 cmiF At 3R FERI20 omygdb 3 D) B )
BFEM R < 0.01), I DU 3P AR
Z IR AR R R oA W # (3) . DAL, JAT I L
I AL XS SRR R (1 5 1

[T 5 M 2R W (K 4, 1E5), HuTh ERAK IS, %
Aab BHLF) 38 R G T e B AR 3 A 2 TR AR E R
K (p < 0.001), CK. LNATHNIKIHLA 77 B 1) v 5
FHR?/> 540,699, 0.645710.599 (#3). M & kb
PRIEHCA] U 5 SR HHCK . LNFTHN 4 B 1y +- 18 e
U P BBURR A 2R 3 QuofEL 53 1) 491,68 1.75711.68, K W]
LN A BG5S U, HINAR ST T
8 T R R A A AN K
2.4.2 B FKET IR E X IR IR A9 R 0G

FDEASHT e B (35), Hu1hiA BUK S, CKIr 1t
PR 55 F 3 5 1T B AR R, ST
AHICPEA 35, LNATHN AR BE 1) -3 npil 5 <05 . -
B S AR 2 AR DG OE R (p > 0.05)
25 FAESMEIIEFRSEYSHIXE

PR A KT A EHN ((282.83 + 40.46)
g-mA)FILN ((260.09 + 38.81) g-m™?) i i T'CK
((156.17 + 21.81) gm™) (p < 0.05), 5CKAHEL, LNFI
HINARERA P 35 48 AN A Kbt T A K 766.7%
F180.8%. K MTEARI AL T, AUTFEALE
TR BRI, B, s
AP R 0 S A B IR G e 5 A
3 ML TCAUK I - RT3 BE AT 56 6 R

Table 3 Correlation ships between soil respiration and tem-
perature when there is no surface ponding

F4 I CAUKIN TIPS SR R R B B
Table 4 Exponential function equations of soil respiration
and air temperature when there is no surface ponding

Kb H HT5 R R? F p Q1o
Treatment Regression

equation
CK R,=0.454e%%?T 0699 76.785 0.000 1.68
LN R,=0.521e%%T 0645 59.882 0.000 1.75
HN R,=0.781e%%2T 0599 49.297 0.000 1.68

CK, 0 kg N-hm?2a™; LN, 50 kg N-hm=2.a*; HN, 100 kg N-hm=2.a*; R,
LRI T, ik
Rs, soil respiration; T, air temperature.
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FRfERZE, n=3). CK, 0kg N-hm2a™; LN, 50 kg N-hm=2a™;
HN, 100 kg N-hm=2.a,

Fig. 5 Exponential function equations of soil respiration rate
and air temperature in different treatments (mean + SE, n = 3).

5 MO AR K - R 5 L A R AR
Table 5 Correlation ships between soil respiration and tem-
perature when there is surface ponding

busiil A g
Treatment  Air temperature Soil temperature (C)

(C) 5cm 10 cm 20 cm
CK -0.547 -0.662° 0625~  -0.732"
LN 0.015 -0.022 -0.040 -0.220
HN -0.152 -0.183 -0.199 -0.380

Ab 3 A g
Treatment Air temperature Soil temperature (‘C)

(€) 5cm 10 cm 20cm
CK 0.836" 0.803™ 0.767" 0.742"
LN 0.744™ 0.551" 0.515™ 0.505™
HN 0.725" 0.535™ 0.499™ 0.501™

CK, 0 kg N-hm2a™; LN, 50 kg N-hm2.a*; HN, 100 kg N-hm2.a™t, **,
p < 0.01 I % 5t 25 AH G (XU A 56) o
**_correlation is significant at 0.01 level (2-tailed).

www.plant-ecology.com

CK, 0 kg N-hm?a™?; LN, 50 kg N-hm2.a™; HN, 100 kg N-hm2a?, *,
p < 0.05I WA SCCUMAELE); **, p < O.0LM AR b AR CRMAR
5o

*, correlation is significant at 0.05 level (2-tailed), **, correlation is
significant at 0.01 level (2-tailed).

Py AT IR AR T A, A AR B R
Mo EAM R ASCEISAN 3 (p > 0.05) (£16).
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100 kg N-hm2.a7,
Fig. 6 Relationships between soil respiration rate and aboveground biomass in different treatments (mean + SE, n = 3).

F6 B KB IEIRIR S B T AH OGO R
Table 6 Correlation ships between soil respiration and soil physical and chemical properties in different treatments

T HRIR AR AR R R LSl
Soil depth (cm) Ammonium nitrogen (%) Nitrate nitrogen (%) Total nitrogen (%) Total carbon (%) Organic carbon (%)

0-10 0.684" 0.315 -0.10 -0.219 0.314

10-20 0.950™ 0.287 0.213 0.176 0.183

*, p < 0.050 T AH I CBNAT IR 5 **, p < 0.0LH i 5 25 AH 2 (AU 565 o
*, correlation is significant at 0.05 level (2-tailed), **, correlation is significant at 0.01 level (2-tailed).

26 AEFGEIIEFRS HIBBUHROXR AR, 9H21H T IERPIR H AR 4k ) T BE S 1 B i
X AL B R S R AR AT R R, X TR R T R R AT, Hy
FA T (FE6) R I, b PR AP H R 50-10 Bk S A R A s, WS, R R
emtEREN T RESASTEREEM P < WWRHIISKES A, Iz PVCH A bR
0.05), 510-20 cm 2R FEM LIS R SR 2N K, W0 T LIRS, AL IR R A L
WE MK R (p <0.01). FB FIEIPIEERY AN o i N, JRES T AR
TIEHAE. RE. RMAE IS BN (RIRESE, 2012), [FII, KRR LU R85 CO,,

A3 (p > 0.05). {ECOHE R D
3.1.2 FAKMATE RN IEITRESSHEN

3 itig

Wit I 7 A A T {0 DT R
31 ARk b 4 B R IR B B0 K (5 BRI A B, 2009) . M T TE AR B
311 FUKGE B+ RN B S AR LR B O A 1 ST,

ASCHFFRN], HIRERUKES, SB35 2590 b 0P 5 A0 5 R 2 1 TE 4R Bk e o6
Mo SRR H B A BRI R, X SRR R, RGBTSR —8(Fang & Moncrieff,
& Qi , 2001). HJR (B A HG S, 2005). A H(Hanetal.,  2001), 4 BIAERE T CK. LNFITHN g 215
2007)i AR kg Jm— 5, HAIEIPOEAHN > LN 254k 169.9%. 64.5%F159.9% . Huifify BLKI, +
> CK. MG AUKES, 30PN HEh AWK S0 5 SR e A B, - i 38 R 5 04
Wo TH25H IR H AR AR e g R TR T TR, B R M. X A
A2k, HIE(EHE 4 h, FLLNARBER) HIERPGE Yl BUK I, @bt K B R, 4T R
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AIREE, O M = 4k T AR &R R A A ghE 3))
(Raich & Potter, 1995), #Eifiss 17 P /EH] .
HWFGURM, RS K e e R, -
B SR T 3R (14041 K7 (Davidson et al.,
1998), {EMEAIEUK A ZEE EKER, PR 27
7 (O’Nell et al., 2002). 554k, AREKAFTL, 734
T M - P F AL S AR RS RN,
M) 445 (2007) R 70 R 0, A=) DRI - 1 1 0
W 2= AR AT 5, ZRAE X oK (Zea mays)A:
BRGE T HEPIR IHR HRR A & B IEAR G Raich
FiSchlesinger (1992)3 % B0 -+ S5 WP 46 1 55 A2 A 14
MR I (NPP) LR U FAFAE MR R
XATREAE R O, HLARHE = A g 7-9 A
AAKHEZE, NPP, IR HE 2 (Atkin et al., 2000;
Han et al., 2007), {HJ&H T ENER 2, -
HeK Ay IR B RIR A, T HEPI S im 52 B3], A
A0S T AR ) P 2 AR R 5
3.2 P imth 1 IE AT OR 3 ST AY M i
AIREGH, CK. LNATHNALFE 7 344 K Z
(6—10 H ) 1) T3P~ 343 %6 4331 A (1.67 £ 0.15)
(1.99 + 0.17)F1(2.64 + 0.21) umol CO,m2s, 5CK
AH B, LNFHHN Ak B2 A 4 458 07 W 5l 26 43 ) 8 vy T
19%#1158%, HHNALEE 2 = F CKAILN, if W7
ARG S5 AR AT W b 98 0 R Sk 6 B
B, H AR 5 AU R E AR OCOK
&, XHETANRO S RS, 2009) 5. A
RO, RO T L3 A% A SR
AE SR, WS AT R (%8, 2006)HH [ .
ORI HTRW], TIEPPIGHE RS ISR SRR
BFEIFMFRFKZA(p <0.05), H IR AR
R 2R 1) 1 25 P W A R0 - 39 580 2 0 1) S S P R A
JH(Vargas & Allen, 2008), 3% % 20T 4w 3
[~ S/ 5 Bt s A Ti0-AU I T s
VR BT 1 SR AT DU LR A 7 TR 43
Bre (DAEDTERTAR R IR 52 . 38 ] R FH 4
FIRN, (2t TR R . — TR A ]
U6 A AE H (Lai et al., 2002), AR &I
WAL 22 () AL . AT R, A ICEIR R
TG T LI T IR BT RE, A DR 4
THIY) 3 5 4K (Hogberg et al., 2002); 55— J5 1, 4
B 2 5 Al AR P R T 2 A AR 1 I A DG X R
(Burton et al., 2002), %t A ok 38 i ke 49 41 AR
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AR R A AR A i S AR A AR ) 1 TR (R
RIS, 2010). (2R DUBEXIES N . — 7T
38 b n ) P SR 1 385 0 A 2 R R [
I, BT AR AT R A R IR R, B
T &SR ) B RS 1 (Allen &  Schlesinger,
2004; WRFAESE, 2010), SUL TIPS R A
REVR ALK, (edE T RCZEM A BRI 0, 32 T
AR AW IR B, T R e AR e
WP, 55— 5 TR T R e (e A A 3oy AR K
MM N T 7% 4 5 (Hyvonen et al., 2008), C/NLE
(PR, WAEdE T %) 5> fiF (Sariyildiz & Ander-
son, 2003), A AEDEAE T R I REIE T, (Al
MRk 7 I .

AARIEFFT A, CK. LNFTHN AL PR 1) 1 S0P
T B OB R A Quo i R T A% BR - JR TR 1Y) 3 3
JEME: R Quolf T XM 1.57 (KRS RS 2, 1997),
I3 01,68, 1.75811.68, % W LNALFEI 5 T |- 350
Wk P BB, N BEGHR JE U M S AN K. X
AT AR PR Y LNAR BEER & 1 - S8 Ak P i 0 R
PEGRFIHEEE, 2010; Allen & Schlesinger, 2004), M
T 5 T SR 5 R . HINAR B ERAR B 2
PR T N R E e R AU S AR
B o XA AR R R RE BRI & T A
(B R G I, (EL i oA PN on o Sk ok 1 - 338
BB A1 ) & (Sarathchandra et al., 2001), M
HEAA FO] SRR IR I B U R AN K B IE AR
£5(2010) 75 %t b . A4y 3 i AR R RE 5 e R B,
B BT BB =y T IO e B AU . AEX AR
VU RN BF DX AT RS A0L SR B I i vy, YRR AR 5%
(2009) th A3t T AHIFI I 4618« H 2 4= (- Yt 45 (2010)
9 th TAH R I gk, BIBLAUL T R FRAIC T I nR Ik
il B2 BB o BEBUES 55 (2007 ) TA A it 20 ¥ A1 1
A P& A (Larix gmelinii) F17K i #9) (Fraxinus mand-
shurica) A TR (1) T 3EIFIR (13 5 Ut . AT
R, Quo MU EA OC, 1 H S5 EH —E MK
Z(Dérr & Munnich, 1987); AR, Quo it
AN, MRS TRR A RREWE. WED
AR ) B 4 P05 DR 1 2 0 AR AT AR 4K 1
(Davidson et al., 1998). L ARt TR QoI5
M AN AR, fEARRRR KT SR, 446%
G5 IAS HAER, A el E I W B ket -+
I U
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