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Abstract

Aims  Winter soil respiration plays a crucial role in terrestrial carbon cycle, which could lose carbon gained in
the growing season. With global warming, the average near-surface air temperatures will rise by 0.3 to 4.8 °C.
Winter is expected to be warmer obviously than other seasons. Thus, the elevated temperature can significantly
affect soil respiration. The coastal wetland has shallow underground water level and is affected by the fresh water
and salt water. Elevated temperature can cause the increase of soil salinity, and as a result high salinity can limit
soil respiration. Our objectives were to determine the diurnal and seasonal dynamics of soil respiration in a coastal
wetland during the non-growing season, and to explore the responses of soil respiration to environmental factors,
especially soil temperature and salinity.

Methods A manipulative warming experiment was conducted in a costal wetland in the Yellow River Delta us-
ing the infrared heaters. A complete random block design with two treatments, including control and warming,
and each treatment was replicated each treatment four times. Soil respiration was measured twice a month during
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the non-growing season by a LI-8100 soil CO; efflux system. The measurements were taken every 2 h for 24 h at
clear days. During each soil respiration measurement, soil environmental parameters were determined simultane-
ously, including soil temperature, moisture and salinity.

Important findings The diurnal variation of soil respiration in the warming plots was closely coupled with that
in the control plots, and both exhibited single-peak curves. The daily soil respiration in the warming was higher
than that in the control from November 2014 to January 2015. Contrarily, from March to April 2015. During the
non-growing seasons, there were no significant differences in the daily mean soil respiration between the two
treatments. However, soil temperature and soil salt content in the warming plots were significantly higher than
those in the control plots. The non-growing season was divided into the no salt restriction period (November 2014
to middle February 2015) and salt restriction period (middle February 2015 to April 2015). During non-growing
season, soil respiration in the warming had no significant difference compared with that in control. During the no
salt restriction period, soil respiration in the warming was 22.9% (p < 0.01) greater than the control when soil tem-
perature at 10 cm depth in warming was elevated by 4.0 °C compared with that in control. However, experimental
warming decreased temperature sensitivity of soil respiration (Qi0). During salt restriction period, soil warming
decreased soil respiration by 20.7% compared with the control although with higher temperature (3.3 °C), which
may be attributed to the increased soil salt content (Soil electric conductivity increased from 4.4 ds-m™ to 5.3
ds-m™). The high water content can limit soil respiration in some extent. In addition, the Qy value in the warming
had no significant difference compared with that in control during this period. Therefore, soil warming can not
only increase soil respiration by elevating soil temperature, but also decrease soil respiration by increasing soil
salt content due to evaporation, which consequently regulating the soil carbon balance of coastal wetlands.

Key words elevated temperature; soil respiration; non-growing season; soil salt content; coastal wetland; Yel-
low River Delta
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) FE AR, ATIE S RETIE M 2/3 (Davidson et al.,
2006) o 4 2R A B 23 R ik L e IF I (Fang &
Moncrieff, 2001; Fouche et al., 2014), Bkl K=
COKREESE N, fERGH S RFEM KR ZH =4 —
ANSRFU) IE S i B (Cox et al., 2000; Davidson et
al., 2000), {3 4= BRAZ W 155 Il B 4 7™ 2 (Peterjohn et
al., 1994; Carney et al., 2007). 4T 7T W], 2016-
20354F A 3R Ky M 3R I B2 K T :0.3-0.7 °C, 2018—
21004E#4 71 150.3-4.8 °C (IPCC, 2013). fE43RR S
b, ARG NG R AR, T ZE AR ) 4
R H B B AR T A& =R 2R DL S P 2 Y T
(Nagato & Tanakab, 2012). Jb-EK i 4h A mifik
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[P 2R P 3R I 3 g ma s, T & TR
MRS A O W, Hoh AR & K, 80.03
C-at (BEARLE, 2006). Rl BT 7019 I 4 ) 2 K 251
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Rl A 35 RGEBRE A AT HE S X

AN B AR SFAE T B3GR SL 0 2 T A ER AR L E
T BORIE (B RIGSE, 2010), /07T 4 BRAERE 5
Fifi th A S RGEAH HOC R ) — A FE IR BN,
2007; Hoeppner & Dukes, 2012; Hou et al., 2013), A~
A RE % SR B A5 AR IR 0 AR 25 2R 4052 el 1) EL R IE 4,
AT DA it b A 2 22 G0 6 S A5 AR A i . 1T PN ZE L
fill(Hou et al., 2013). HHl, A <4 BRAZ I 0T fifi th A
ARG G I ¢ B 3 B ) G AN 3 iR
P, b, Z0AMR ST 2% R TE S0 SO B Ak
A, X HIRTCY BT, AR NI, 2
DA P RBUSG IR B ARG B, AR N T
MR, B, HIREES RGBS, 2007). 1
T 52 e B A P B R AR T T iy 1 L
WY 5% (Saleska et al., 1999; Berger et al., 2004), K
Z U0 FU SR O B I O R AR gt T RS IEIR (Lin et al.,
2001; Wan et al., 2007; Zhou et al., 2007; Xia et al.,
2009; Wang et al., 2014). 2R, thAE 7R HBEE
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53R (D)HIEE (A FRHE IR ZE) . *, p < 0.05; **, p < 0.01,

Fig. 4 Soil respiration rate (A), soil temperature (B), soil water content (C), and soil electric conductivity (D) at 10 cm depth of non-
salt restriction period, salt restriction period and non-growing season under warming and control treatments (mean = SE).

L RFE g e b 4 e B ) 6 RARAUSR =a x exp (b x YIS HUZQuofil
Table 1 Parameter of relational model (SR = a x exp (b x t)) between soil respiration rate and soil temperature and the Qyo value on different dates

[P EET a b Quo R’ P
Period Date 14 o [ X 1R X 1R *FH WE e
Warming  Control Warming  Control Warming  Control Warming  Control Warming  Control
A REIN B 111 0316 0.117 0.059 0.137 1.06 115 0.79 0.63 <001 <001
’F;‘eor?(;za'“es”icmn 11-21 0.040 0.151 0.097 0102 110 111 0.66 0.63 0.06 0.04
12-6 0.147 0.082 0.146 0.775 1.16” 247" 0.66 054 <001 <001
12-19 0.044 0.139 0.435 0674 154" 1.96" 0.85 074 <001 <001
1-3 0.044 0.908 0.453 0.305 157 1.36 071 074 <0.01 0.03
1-24 0.040 0.138 0.293 0.219 1.34 1.24 0.72 074 <0.01 0.02
2-3 0.074 0.042 0.144 0.122 1.15 113 071 0.68 <0.01 0.06
ERA BRI S 2-26 0.055 0.094 0.168 0.205 1.18 1.23 0.50 052 0.02 0.02
E’ZEJSSU'C“O” 3-14 0.028 0.102 0.206 0.203 1.23 1.23 055 0.66 0.03 0.02
3-28 0.071 0.045 0.117 0.169 112 118 074 0.95 <001 <001
4-10 0.065 0.133 0.106 0.099 111 1.10 0.88 052 <001 <001
4-28 0.176 0.316 0.065 0.062 1.07 1.06 0.75 0.62 <0.01 0.01

Quo, THENPWLIR MU, a. bRAMAESHL. *, p <0.05; ** p<0.01.
Q10, temperature sensitivity of soil respiration. a, b represents the parameters of model fitting.

PR IR T T 4.0 C, RIRRFIGEER R PO IN23.1% (XK, 2013); iR ETF6.73
Whn22.9% (Bl3). XE5WZEFHAMAH—B £ CH, WL B WAL (Pinus armandi) bk 4 2= 115
W Ty Bl A AR, IR R1.75 CCI, RIERE RRIRAEE31.4% (RETHSE, 2010), Rl AEALSE S AL
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JER 4 ) n Font BE RS Hh 15 21 T SR BLAS 18 (Wan
et al., 2007; Zhou et al., 2007); F HWang%(2014)id
i Meta 73 41 2 45 1 501 il # A= 25 5 Gt 4G IR R 35
WP IR 22 PR S R, &85 2R e R TP G 2 C,
T IEIPIR R A = 12% . PRI, TR A R s I
)% 3 2% (1) S8 K] 7~ (Ruehr & Buchmann, 2010).

IRZ SN R TR E T s 1A AE A )
ABHEE, M | LRI % % (Saleska et al.,
1999; Berger et al., 2004) . 2 ZEHHYHR 0T I 2 U3
b IR 3 B T AE Y I (Schindlbacher et
al., 2007; Ruehr & Buchmann, 2010). i —77Thi<>
18 0 3% IEHLE U (Luo et al., 2001; Rustad et al.,
2001; Melillo et al., 2002), T FCH L& 3G INE— &
PR L oRAD T ARG R sk R, AT RE T3
IR S —T0 T, TR AR IR R
il 1735 14 (Bokhorst et al., 2010), M1 41CO,
MIREIBUE R . AR, &ZR IR P Rk
AR AR RG AR AE K ZE P A7k 50% (Brooks et
al., 2004), 7ESLIELLT, TE RIS — 2 S8t
B RAHBE 2 CO,0 (I, ARSI 4
SRR AR T T e 3 PSR S
FEA S R G155k & (Melillo et al., 2002).

SATHT, AR AU, IR R 1) 0% R
A T 1 S AR, 48 R e 23R i o e
JE ) T v 0T B 2 [ (Pajari, 1995; Saleska et al.,
1999) 5 # A4 (Wan et al., 2007). AW 7EH, #AE
A K S T 0o o R R T s 2, I HAE SR
Iy BRI B B, M g o AR AR (R13) . X
DL FE 28 R AEAL: 35 B Harvard fR AR 7E 1056 7T 64,
1 B T w5 4 COLitH &P X KGN 1 28%, 111 7E J& 44F,
i B T g o 3 I ) B i B i PR (Melillo et all,
2002); KL R MEE BB A S Rgd, -4
KR E T 1510.66 C R, 3P I 26 FE AR T 16%
(Zhong & Du, 2013).

X e T S PR A IR, X ik
RO FESG, BT AS PR 3 (Melillo et al.,
2002); [FJIF, BEAE TG RE 12— 0 T ey B e Ui B
SIS ) B SE G, RIS A A R B 1K (Atkin: &
Tjoeller, 2003; Bradford et al., 2008; Yuste et al.,
2010), MM FEAR 1 39 W W T 52 S0k, i 1T ik 2
- ST [ R T v T ) (Jarvis & Linder,
2000; Giardina & Ryan, 2000; Oechel et al., 2000;
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Luo et al., 2001; Rustad et al., 2001; Melillo et al.,
2002; Eliasson et al., 2005); 11 H., KIHHEE A 68
AT L BERE R E VAN A Y R R 2 A, AT
I 33K [ 41 (Grogan & Jonasson, 2005; Bradford
et al., 2008; Hartley et al., 2008); 4k, IR 51
1) FE A AR A5 DR 7 AR AN R 5 | L 8 IR ok 23 1) %
R (PR4:ME4E, 2003a), XA 3 B 45 S A2 19 7E Hi
55 1 38R - IR - KA COLMK BEIX AN IR 1 1E
i(Luo et al., 2001).
3.2 ERACIEXT HIRAFINE B SRR MR RN

AHEIER, EAE S BREIBY B, iR 1S 1%
P R 93 S BRI BRI (R 1), IX E A2 W 7T 1 45 SR AH
3. SRR R R R B A IR R ) T e
1M F#(Janssens & Pilegaard, 2003; Wan et al., 2007;
Zhou et al., 2007; Zhong & Du, 2013). 1k 3& = & # 5
A I ) S 56 R ) Quo B Y2 35 v T IR 11 S 546 R
fK1Quffi (Luo et al., 2001; Wan et al., 2007; Zhou et
al., 2007); 4ifFEF iR AEAEL.8-3.1 CH, ZF 227K
8 A6 J7 - P bk 8 0 W R AU BRI T 2. 7%
12.2% (Niinisto et al., 2004); /FEKIT 520 53
IR AR A KRR B 0.2 °C, BRI R FE R
JECME P45 13.2% (Zhong & Du, 2013).

8 ik PR L 3 R R O FE U M DA R LA R
DAl 5, B R Rl b 3 A b M e 1) DR R E o,
PN A 45 - 358 I 0 Jit B A8 A AN P 0% (Kirseh-
baum, 1995; Giardina & Ryan, 2000); ik, iR {E
Aol - 458 % PR i 22 ) A B A (FR A PR ) Bl i RS
(Hartley & Ineson, 2008), 1% 35 A= 47 m] i FH 1)
T PRI D, T T 0 A 1% ek R AU B
% FR, R R, X IR A ook f e
Y BUEIA B — 5 R (Janssens & Pilegaard, 2003),
T BE AR AT HHE DL AR

Ty Ak, EER S BRI B, 3 il 0T 15 i I e
BRI T B 2 T . ASHIFFT R, 201542 F) i) A
A, SN IR R B R R AR, 3P
T VAR N F T B R A BRI B (B3, K1)+
BERFIR R 32 ERE T L 3eA HLBTAIAEY) 73 W) S
b% B4 (Konnerup et al., 2014), oAy +
b a] EEA HLBR G TR B M (Liu & Lee, 2007),
MR =y T DB A e, TR e,
I R WY UL P URR PR UG (Atkin & Tjoelker, 2003;
Bradford et al., 2008; Yuste et al., 2010), ffj /%
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T v B AT - S5 W R i PR . R SRR A R T
R QufE LW AL
33 TEHSE =X TIEFIRAR I

B AN e LR s SRR, tH AR I R
358 2k 43 T S e RN . B = A PN R Y
BOR KA AR B E, HH R /KAL#E (Fan et al.,
2011; Zhong & Du, 2013), 243535 & s, -3
IK G B 28 RN, TR IE T # R JsK m) 3 3R 1
fAI%% (Wichern et al., 2006; Setia et al., 2011), 5%
e R LIEREH S ES. B, WA
FT 5 WA YEE U 9 1 C O, 77 A= 5 HE il 1) =2 22 R 55 R ¢
(21155, 2011) . ABFTH, FEER 7 BRAIFT B, HGiR Ab
PRR B8 3R A 0| 1 VR L AR R I 2 (1]3)
IRZWHFLR, B LIRS S n g, Lignpng
TR RPN B IF)#4 %4 (Setia et al., 2010; Wong et al.,
2010; Hugler & Sievert, 2011; Yan et al., 2013). 141,
WK NAR IR A W EERS, =k KSE T 13ECO;
7= AR R o SR B 1 T R T 98 ) (Marton et al.,
2012); VL I MERR TIPS 30 I R KR A1)
#h Rk vy, g R AR AR Y, B R G
TR IR G A N G B AR AR, 2011); BRIL = FfHbIX
I [ 2140 PRIt COL I T80 £ 42 35 /5 T g 20 AR
T, X AT R H b8 ER 4y 1) 22 M SRS 1) (Chen
et al., 2010); 4 -F3g8Eh 77 & L HE s H 445 B, 7
TRR R P B 40041 00 b 1 38 P 5o 6 F (1K 20%  (Hass-
bullah & Petra, 2015). 734b, 57314 Al e T B35 K
W IR Ak, 51 03E B Nueces — # I H 78 1 1%
ToKER S LI FERR A O R IR
CO,, MAETIES /KERAL. HESER BT
R I AHEHCO, (Heinsch et al., 2004).

TN AE AR S IR AR A, T ek
HERFIRGHR A . — 7, RO 4] SR AR s, A
15 - 35 W I &R B2 1 T v i P AR (Wichern et al.,
2006; Wong et al., 2008; Iwai et al., 2012; 2=\ 5 %%,
2012); [FIBF, w2 Eh i 2 R AE M $ i (Garcia
& Hernandez, 1996; Pattnaik et al., 2000; Pivnickova
et al., 2010; Kiehn et al., 2013) LA VBV 1) %
FEME (Baldwin et al.,, 2006); J£H., &b EREMifAE
WA BRI AS AR B AR A, AT A3 A LB )
RE 152 2|55 215200 (Thottathil et al., 2008), 4415
B sz e, — M AeEE B & KEE R
RPN VS 05 s, TP R TR 264 T,

T AR P FE R Z 3, HFEACE R I MA R A T
B EIREAE, T2 A 1 Be8 HRAR = Eh PR AR
W T 77 A (45 (Pankhurst et al., 2001; Rietz &
Haynes, 2003; # - A%, 2004; Thottathil et al.,
2008). —J7 M, 25 KRR S AR E R
T P 35 Bl ER AL 1 AKSF T v T B T B (Rietz &
Haynes, 2003; 5K #4#5%, 2005), fIEE 536 B (135 14
AIREAER, & SR S s R BT T B (Yan
etal., 2013).
34 TIFEKHDEEXLIEFEIRAYFZE

IR R R AR ) R, TR
mi K B R AR Z, ARSI K.
gl DL K T KA A5 (S A [ 45, 2000) . AT
Fir, fEER A BRMIP B, B ol L E e
(10 ] B 9, i A 438 K B ) B 3 S, X 5 TR
AERFEIV L KA — B0 LR IN1.73 C
i, 3K A& I N 7 9.0% (Wang et al., 2014).
5 DR 2 B 5t 45 A R - 3X EEE B ] — A
DINE R LR S R 1o R 3E/K A SR — 7 TH 2
KABEK, H—r T2 FKRG . fEAEAEKSE K
SRR, IR T 8K K, AR
MR KR R B RS /) shAh, BT A SRR T
%, HEED R, HGUR RS IR MR, AT 8K
sEEm T, 5STFRESRAAN, LA A
B RGP L E K EHAEA0% L, |, K573 FHA
M RGIE -, HR e 5 B A
FIVEH, 75— R Xy 3 ey r= A fi . 54k,
TR B S AN AR, LK
I B & B KPS 2 PR AR A ) R /R
(Gaumont-Guay et al., 2006). Lk, +3E/K5r EEiE
TS EE AL B Y B O 7E L3 4L S SR i
TIERPIR (55, 2011). MK & sl i, EAREE
HIRT R AR B & B A 2, (H 3R LR K 78, R
il 1 L IENR I T R O AR i, I HLX P Sk 22
FREA AL RE 08 PR AE VIR (B %% 5, 2011).

E&TE BEREAAFF L £(41301083)F + E A+
F 2 AR 4 M % %57 B (KFJ-EW-STS-127),

B AT EAFRELTAMNEERRAESK
Bosb KA B AL AT IR LA+ 4T 6039,

Sk
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