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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 LI-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 Q1o (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.

Key words nitrogen deposition, reed wetland, soil respiration, Yellow River Delta
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Table 1 Comparisons of soil physical and chemical properties in different treatments (mean + SE)

bty IR SR AR R XA B
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-hm-a™'; LN, 50 kg N-hm2-a™'; HN, 100 kg N-hm2-a™'s  [f]— 295 B [Fl— 31 i R /) R R s b BRI 22 5 5535 (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-
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Table 2 Seasonal dynamics of soil respiration rate in different treatments in Phragmites australis wetland (mean + SE)

H45 Month CK (umol CO;m™s™) LN (umol CO;m™2s™) HN (umol CO;m2s™")
6 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°
10 October 1.19+0.09° 1.50+£0.12° 2.13+£0.20°
4 KZF Growing season 1.67+0.15° 1.99+0.17° 2.64+0.21°

CK, 0 kg N-hm2a™';

LN, 50 kg N-hm>-a™'; HN, 100 kg N-hm2-a™" o [6]—4T VAN [F) 7 RER 7R Ab 391 1H) 22 57 W 2 (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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KA (p <0.001), CK. LNATHNIA 7 R e g
FHRY500.699. 0.645H10.599 (#3). MG &4
PREEHA1 A )5 R SR HICK . LNATHN AL 1) + Enp
T P SN E R B0 50 59 91,68 1.75F11.68, KW
LN #8587 1 S98 P R  J URE, HINAR BEXT -
8 T R R A A AN K
2.4.2  HbEAFRUKET IR X 1 1 T R AY B2 0

MDA BT R BH (3 5), HuthiA BUK A, CRIP 11
WP iR B HAT B AEC R R, (HE SN
AHICPEA B35 LNAITHN AL BE 1) 130 5505 . -
B YIAATAE B2 A G C R (p > 0.05).
25 ARRLEBTEFRSEYSHIXEF

PR AR T F A EHN ((282.83 + 40.46)
gm 2)FILN ((260.09 + 38.81) g'm *) & & T-CK
((156.17 + 21.81) gm?) (p < 0.05), S5CKAHLL, LNAI
HNALERAE 25 25 A Kbl B A K T 66.7%
H180.8%. FMLEAIRK MRS T, FUTFEMLRt
TR R R K, B ESE, PR
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

4 MO RBUK I PR 5 R KR Bk B0 2
Table 4 Exponential function equations of soil respiration
and air temperature when there is no surface ponding

J G VAT R F P O
Treatment  Regression

equation
CK Ry=0.454e"%2T  0.699 76.785 0.000 1.68
LN R=0.521e"""  0.645 59.882 0.000 1.75
HN R,=0.781e""%"  0.599 49297 0.000 1.68

CK, 0 kg N-hm2a'; LN, 50 kg N-hm2a™'; HN, 100 kg N-hm2a™'; R,
LR T, Rk

R, soil respiration; 7, air temperature.
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Fig. 5 Exponential function equations of soil respiration rate
and air temperature in different treatments (mean = SE, n = 3).

RS MU AR IS SR 5 A O OC R
Table 5 Correlation ships between soil respiration and tem-
perature when there is surface ponding

b gt R
Treatment  Air temperature Soil temperature ('C)

('C) 5cm 10 cm 20 cm
CK —0.547 -0.662"  —0.625"  -0.732"
LN 0.015 —-0.022 —0.040 —-0.220
HN —-0.152 —0.183 —-0.199 —0.380

sl e TR
Treatment Air temperature Soil temperature (‘C)

(©) 5cm 10 cm 20 cm
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-hma™'; LN, 50 kg N-hm>a™'; HN, 100 kg N-hm2a, **,
P < 0.01 A {5 5 AH S CRUAS 50 ) o

**_correlation is significant at 0.01 level (2-tailed).
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CK, 0 kg N‘hm>a™'; LN, 50 kg N-hm%-a™'; HN, 100 kg N-hm>a™'. *,
p < 0.05N EBFAHSCORMATLR); **, p < 0.01 AR B354 K (XUMIAR:
).

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

Py AT BN AR T A, A AR B R
b B RS AN 2 (p > 0.05) (K16).
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Fig. 6 Relationships between soil respiration rate and aboveground biomass in different treatments (mean + SE, n = 3).

%6 AL LI L L AR AR DG OC R
Table 6 Correlation ships between soil respiration and soil physical and chemical properties in different treatments
TR AR AR R R AL
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 5 HISCCUMALRE) ; **, p < 0.01 I B 5k 2 S RS 56) o

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

2.6 ARTETIEFRS HIEBERBER

o 25 Ak B - 3G b - 9 AR R AT A A
FHRIIHT(FR6)KIN, - Ab T 1 3P T3 K 50-10
em B ERER FIEESA SRR FIEMLE <
0.05), 510-20 cmt 2R ISR 5 B AR
BEIEAL KR <0.01). FAbF P 5% 5
ISR AR SAE U B AT DY
ANEE P >0.05).

3 iht

FK 3G B R b £ IR IF IR AY S0
KA R T IEFIR H 3SR
ARG, Hulf TERRKIN, 5 A B P 351
iy PR H A BRI T I 2R, X S AR AR (Xu
& Qi, 2001) # R (BT A 5%, 2005). A H (Han et al.,
2007) 1 HAZ A Ji— 3, HL -5 % HN > LN
> CK. Hulfii B BUKE, - HERP H 3 45 0 2 00 5
o TH25H SRR H AR AR AR I LG
A2k, HIE(EHEIS4 h, FLLNAL PR - 398 00 i

31
3.11

HIRAK, 921 H 35w 1 28 4 ) G B Sl 1) P
RPN . XA REE T R A, M
R BN R AR O, WA S, T s e L g
WP H )28 1 s A N2 PVCH A7 2 B
K, AT AR O I, A IR G R K
AN o A 2 B %, wkgs T LRI AE A
(IR RIS, 2012), [FIEF, KA LLE## 73 CO,,
fECO B
312 FAMAEEHTIEFEREDHSHEN
R P 2 AR A 2 R A R R
WA AR el F TR T i, 2009) o TR TEAR K I,
TS S P AT P E R R R, A
=530 b 2 R A AR 1 I HR AU OGOk
A, X507 AW 45 R —2(Fang & Moncrieff,
2001), S5 BERE T CK . LNATHN - HEEI 215
ALK 11169.9% 64.5%F159.9% . Ml AKE, +
SRR 5 AR AR G AN W2, S I R I
AR T ST, R R R X LR
M A BUKE, i RS KRR, Ab TR
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AIREE, O M= H THR &R R A A gHE 3))
(Raich & Potter, 1995), HEifiys 35 T HIEIFIRAEH o
HWFGTRM, RS K e — e R, -
R e T 3P (I A ¥ (Davidson et al.,
1998), {EMIFIEK A 235 5 /K EIN, WP AR H 21
#f(O’Nell et al., 2002). 534k, AREHFTH, 275
T - P F A S AR R AR,
M) 435 (2007) I BF 7T R W, A=) DR -6 1 1 0
W 2= AR AT 5, ZRAEHILIX oK (Zea mays)
BRGNP R S5 R AW & 2 IFAHS; Raich
AiSchlesinger (1992) % BHL - 45 WP W A ] 55 ke 414
S 1A T (NPP)TERI R R EAPTEER R R
XATREAE R O, HUAR A = A g 79 A MR
HEKIFEZE, NPP, I3 B (Atkin ef al., 2000;
Han et al., 2007), {H2& i TR R ER 2, -
B ik BIMRRAS, 3P0 s im 52 B0, M
A0S T AR ) P 2 AR R 5
3.2 AT S IERROR X U BY e
AR, CK. LNFTHNALFEAE 3 A K22 rh
(6-10 H) 1) L3RRI P41 26 43 4 (1.67 + 0.15)
(1.99 + 0.17)F1(2.64 + 0.21) pmol COym >s!, 5CK
AH B, LNCRTHN &b 3 Al - 358 07 0 3 R 4 48 = 1
19%F158%, HHNALHL 2 5 FCKAILN, i W7E
AR % AF T AL HATE 7 25 0 M - 39 P I S R
B, H PR A 5 A T B IE AR OGO
AR, 5T RORFIESE, 2009)— 8. A
TR, FUTREE N T R A . SRR
AE G &, WS AT LR, 2006)4H [ .
FHR TR B, TP RS R SA SRR
BEIFAK KR (p <0.05). TP BRI
HE R I8 77 P W A FH AT = S8 5 26 4 11 S S P W 1
FH(Vargas & Allen, 2008), % G} 0T B Wi 13 52
[~ S/ 5 Bt s A Ti0-AU I T s
VR BT 1 SR AT DU LR A 7 TR 43
B (DEUTFERTAR R 52 . 3 el R
FIRN, (2t T AR R IER . — A A ]
DRI 6 A VE I (Lai et al., 2002), AR
WAL LT 2 () Rl . BT ER, IR R
T RDEE T TS Y IR BT RE, A DR 4
FHEYH %ﬁi{i(Hégberg et al., 2002); —J71iM, 41
MR 5 A0 R I W 3 A AR 1 IE A OGO R
(Burton et al., 2002), 2T R it 38 I ke 4 40 A £k
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AR R A AR A i R S AR A AR ) 1 TR (R
FIHEEE, 2010). QYA A F . —J7 1
858 v n] R R SRR ) B A A A A 6] R [
I, BEI0T AR AT W AE 2 TR UR, B
T SR W B RV 1 (Allen &  Schlesinger,
2004; YA, 2010), T IMAEYIRIRES A
R ALK, RHE T A AN o fiE, e T
T B T e, T e 9 R e AR R AT FH G i L 1
WP, 5 — 7 T AT B i i R A A bbb 3 2 AR K
MBS N T 7% 4 5 (Hyvonen et al., 2008), C/NLE
ke, WAt 7 v %) 70 ¥ (Sariyildiz & Ander-
son, 2003), ATAEYISRAL T RN I REIEYI BT, TR 4R
MR T - 4P

ARG, CK. LNFTHN AL 1) - 45 Rp 1
5 RRUBNME R B O ofEL i T4 B S5 P IR ) il
JEME R EO1 0 I 157 IEHERIT RS 2, 1997),
I3 R1.681 1.75F11.68, K HWILNACFEI 5 T |- 350
WSk PS5 RO, HINAR BEOGHIR FE BBUR P S AN K. X
AIHEAE R LNAR B4 5y 1 -F 458 Ak A= 40 1) 250 R
PEERFIHESE, 2010; Allen & Schlesinger, 2004), M
T 3G 58 T 1 RPNl UK . HINAR P HAR B A
PR T P s A, R0 T R AR ) s i AN
Wi o JX ] R RO TR AR & T I A
(I BCE RGP, H R IR EN S I B 2 9d b 7 3%
s E A4 & (Sarathchandra ef al., 2001), AT
HEAR EE - SR I BRI I S AN K . i IE A
5(2010) 7R A6 7 4y T it i bR R RIE 9 B,
REH TR iy T SRR PRt P R M o AEx 4
VU RN BF DX 7T RS A0L SR T B I i ey, W R AR 5%
(2009) A3 HH TAHIFI I 2518 . (H 2214 (2010)
i TR S5, BV TR FRAIG T R
ol B2 BB o BBUEE A5 (2007 ) A A il S0 ¥ A 1
ARTE AR (Larix  gmelinii) A1 7K A (Fraxinus mand-
shurica) N TRRIF) 80P 1Rl B B0 - A9
KIL, QiSOG 1 HAS5¥ A — e R
Z(Dérr & Miinnich, 1987); WAL, O
ANEE, MRS TR MREYE. FiEY
R Ak A A K 5 B B DR 1 R 2 Y AR A T AR 4K T
(Davidson et al., 1998). i AK UL, EULFEXT 010152
W AR R, R R ST, &46%
JE& AT HAE, A se Rk A TR £
U P U )5
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