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Abstract: The Suaeda salsa marsh in the high tidal flat of the northern Yellow River estuary was selected as the study
object. In the first year, in situ experiment of different nitrogen ( N) loadings ( NO, no N import treatment; N1, low N
import treatment; N2, middle N import treatment; and N3, high N import treatment) was conducted. At the end of the
growing season, litters with different substrate qualities (NLO, NL1, NL2, and NL3) were sampled from different N import
plots. In the second year, these litters were placed in the corresponding N import plots, and N loadings were continuously

conducted as the same with the first year. The objective of this study was to investigate the effect of exogenous nitrogen
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enrichment on decomposition and sulfur (S) release of S. salsa litters. The results showed that the decomposition rates of S.
salsa litters generally followed the order of N1 > NL3 > NL2 > NLO, indicating that, as N was continuously imported, the
alteration of substrate quality promoted litter decomposition and the promotion was particularly obvious in the low N
treatment (N1) , which was mainly related to alterations in C/N ratios during decomposition. The total sulfur (TS) contents
in litters of different N loadings showed different fluctuations, which were opposite to the corresponding C/S ratios,
indicating that the C/S ratio was the main factor controlling the variations in TS contents of different litters during
decomposition. For litters with different substrate qualities, the net release of S was observed throughout the decomposition
process and the release amounts were generally in the order of NL3 > NL1 > NL2 > NLO, indicating that, as N was
continuously imported, alterations in litter quality stimulated the release of S and the stimulation was predominant in the
high N treatment (N3). This study showed that increasing N loading in the intertidal zone of the Yellow River estuary would
alter the substrate quality of S. salsa litters and continuous N loading would promote S returning from the litters. As a result,

the S biological cycling rate in S. salsa marsh would be accelerated.

Key Words: litter decomposition; nitrogen enrichment; sulfur; tidal marsh; Yellow River estuary
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X, 024 B WO AR 300, v 0 08 SR BH S, AF B K & 551.6 mm, 70% W R K 7E 7—8 A 4E IR
12.1°C , JCREH 196 d, =10°C FHIR 2 4300°C , AE78 & HE 1928.2 mm, 1% X 19 + 328 R 30 e vk i + Al
+, B B ISR Ry 5 ( Phragmites australis )  W8%5% (S. salsa) BEWI ( Tamatix chinensis ) . H 5 ( Imperata
cylindrica) S % A FK (Apocynum venetum ) 55 , FeH P =5 B8z AR A9 73 A4,
1.2 Wik
1.2.1 KT

(1) FRIARIK

2014 4F 4—11 F 3884 8T AU 1 A0V o v T M 1 i3 1 Ry A 52 % 42, 2 BRI NITREX 35 H (1)
W, ST R AN R ARLBIRS 501 4 A0 BE, B NO[ JCA A AL B, FLAE kXY i I Hh S s 20
AR(6.0gNma"), ] NI[{REALH.1.5N0(9.0 gN m™> a™") , A AR AR A A B ] N2 [ Hh &AL 3,
2.0NO(12.0 gN m™ a™") , BERUR R v 0 A IS i ] A N3[ 35 AL FE . 3.0NO(18.0 gN m™ a™') , BEILAR e B 5
BRI ], A B BEAL I E 3 N EE A (5 mx10 m) . H 4 A IR, £k& 20—30 d L CO(NH,),
IR I 2O AS TR b A T MR U A 32 B0, 3 8 Wk ke EARE: e 5 114) 7K LAl 2 PR AN K 1 ok
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Table 1 Basic characteristics of Suaeda salsa litters with different substrate qualities

FRAKE R TC &/ % TN it/ (mg/g) TS fr it/ (mg/g) C/N c/S

Litter types Total carbon contents  Total nitrogen contents  Total sulfur contents C/N ratio C/8 ratio
NLO 37.83+0.88a 3.08+0.40a 3.14+0.03a 124.35+15.87a 120.42+1.66a
NL1 37.60+0.90a 3.58+0.69ab 3.21+£0.40a 107.92+22.32ab 118.48+18.14a
NL2 35.09+0.21b 4.77+1.41b 3.06+0.17a 77.94+22.43h 114.71+6.26a
NL3 35.01+0.65b 4.55+0.38ab 3.79+0.05b 77.23+5.24b 92.37+1.55b

FIFNAR R FBEF R B R FE P<0.05 K 125 55 3. NLO. TC#IAh AU A T 194K, Litters with no N import; NL1. {R%&U% A T 19581k,
Litters with low N import; NL2: FHIA T 15814, Litters with middle N import; NL3: 5% i A FHI5RMA, Litters with high N import

2015 4F 4 A 15 H B AEARIC I FRIA o AS 5 E TR TR A U AR LR 56 A0 e TR RE X, BIFR IR NLO
PR NO AbHHIFEIX NL1 #0502 N1 APFEAE X NL2 #i % N2 A FEAE X R NL3 £ 2 N3 AbFFE X | gk kit
AT AR N 58 B A AL BE (k5 12,101 JRU U AR —30) o RIS HE TR, [R50 A IR pH Al
B REIER T (£ 2)

R2 ARRAAETHEEDHRERF

Table 2 Environmental variables of Suaeda salsa marshes in different nitrogen import treatments
EC/(mS/cm) R/ C R/ C

S A 24 I M/
ﬁﬁﬁ:ﬁ& pH Electrical Atmospheric Ground {EE %
Litter types . Moisture

conductivity temperature temperature

NLO 7.98+0.24a 30.66+17.35a 26.6+8.5a 26.0+£9.9a 62.24+5.75a

NL1 7.92+0.19a 25.05+11.57a 26.5+8.3a 26.0+£9.9a 62.18+5.67a
NL2 7.90+0.18a 32.05+18.59a 26.7+8.9a 24.4+8.4a 60.94+7.50a
NL3 7.89+0.17a 33.51+17.75a 26.6+8.5a 25.6+£9.9a 62.23+5.73a
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1.2.2  FEACRE ST

I (0—220 d) , 735 3 2015 4E 4 1 30 H (55 15d) 5 H 25 H(%40d) 6 A25 H(%71d) .7 H
25 H(%5 101 d) 8 H22 H(55129d) 9 H 24 H (% 162 d) .10 H 23 H (%5 191 d) A1 11 A 21 H (% 220 d)
BT T 8 UCRAE B BRI i 8 S sy [ 52 3 3, Z e - JF 45 AR N 22, T 25 88 1 ACHE e it T 1k 1 14
ST RIEE . FRE)S, BRE FR R HLEERE | 3 0.25 mm 0, R Vario EL B0 2R 20 Hr A & £ 5 6 B
(TC) AA(TN) FLEHL(TS) & &,
1.2.3 AHXAERITA
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DM, x TS,
X, DM, (g) FFRAAAE i 2T TR TS, (mg/g) 7 i I ZIRAR I TS 548 DM (g) MK T Tl iR
i TS, (mg/g) MERIRRI UG TS & &, %7 SAI<100% , 15t WA 5% AR 7E 73 fff 1k B2 b & A T B i BRI 45 SAT>
100% , VL& AE T g B
1.2.4 BAshb s 5o
1z FHl Origin8.0 B AFXH ARG HEATVE R AT A SPSS 23.0 B4 xF AN [a] & AL FE R 2R AR A0 7% B 3R TS
FTC & AT B R R Ty 2250 Hr , X BRAR Y 5k B 38 S5 BRAE R 1 L TS &5 85 (B SAT) 55K B RN EE H 1k 47
Pearson AHICHE AT, X AR A (19 5% B A S5 ABE 7 L 2 TS & it 558 R C/N  C/S FIEREE (HF #1718 5 R 1k
BIH 537

2 HREHS

2.1 U AT R AR ik 3R 1) 5 i)

IS [R) U A S5 1 03 SR AR 1) 5% BR 261 53 il
SRR T ), H R AR SRR S (P>0.05) (K
1), 43220 d J5,NLO NL1 NL2 F1 NL3 7£A [a] & &b
BN A 5% B R 9 67.09% | 56. 24% . 64. 89% Fil
57.73% ., Bl 00 A HE A HE I AN [R) 25 5 5T 5 A 1
Grf#f KRR YR B9 NLL (0. 002405 d7) > NL3 S0 e 0 T T 10 20 2w
(0.002178 d™') >NL2 (0.001816 d™') >NLO (0.001676 SR
4y . 5 NO AL, N1 N2 F1 N3 Ab B T A 7] 3 5 5 Pecompositon time/d
FRAR I3 8R4 SN T 43.5% .8.35% 11 29.95%, B1 RERGE FRERGRBRNEL
M 105 A T 1.43a.0.4a F1 1.09a( % 3) , KSR Fig.1 Variations of dry mass remaining of Suaeda salsa litters in
S A T RIS R TR (L
% ,Hlﬁ{;@ﬂ:ﬁfﬁﬁ?{ N1 QEIET%}EE@HE&%%EO imp-ort t;atr:ent; N2 (;P/EW;;E Middle N’impo-rt t‘re‘:tment:;, N3jvf%
2.2 G AT ERAR HPRR B R 1 5 LT, High N import treatment

i 7 RV A B R A AN [ A B R A i ik
R TC 7 AR & T NO A (HHAEAR R EE 2 A () 22 R A B35 (P>0.05) (K 2) . 0—101 d, 5% {k
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) TC &R R E b # UL NL2 Rl NL3 7673 00 401 00 35 Wk 5 A B 4 5 101—162 d ,NLO \NL2 1 NL3
TC &2 S5 FEAGE S M NL1 B TC & 22— H LA L ;162—220 d, Bk NLO 1 TC % & 2 RpLkiy
gk, HABFRAARR TC & 4 S 5SRO F AL BN 035 SR AR i R R & i 2 R
[l Sh AR AL RRAE  (HOR R b BE AR AR TS & i Z B A 22 I A B3 (P>0.05) (B 2) . AFEEAIE 5 IAR TS
THTE 0—70 d SRR 7E 70—162 d ¥WEREBERIESE, MifE 160—220 d Y2/, 220
d 5, #48 NLO NL1 NL2 FI NL3 i TC FI TS & AH2E A K (H I TC & 535 T A A AR 33 00 4 5 £, i
TS 5 DU TR 7 A B R A0 4 25 8RR 053 A 22.61% ,26.17% ,28.34% F11 44.06% , 15 A i 75 U A it
BRYBE I, AN T 5 o o R AR AR A R G TC A B SR B 3 1 TS & 38 S IR
#3 TEEAETHRERBELYE AT (y) SHBIIE () MEEA RS
Table 3 Linear equations and parameters between the natural logarithm (y) of mass remaining and decomposition days (¢) in different

nitrogen import treatments

FRARZER Litter types 778 Equations E(d™) R? P (tg5)/(a)
NLO y=-0.08920-0.001676¢ 0.001676 0.8209 0.0008 4.68
NL1 ¥=-0.09352-0.002405¢ 0.002405 0.9296 <0.0001 3.25
NL2 y=-0.10722-0.001816¢ 0.001816 0.7336 0.0032 4.28
NL3 ¥=-0.09250-0.002178¢ 0.002178 0.9232 <0.0001 3.59

——NO —o—NI —&—N2 ——N3
525 r 6 -
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W

475

~
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w
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S}
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AR
The total carbon content/(mg/g)
2 2RaE
The total sulfur content/(mg/g)

350
1
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3 FFEIE 1]
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B2 AEELETHEERESH(TC) LR (TS) SET

Fig.2 Variations of the total carbon ( TC) and the total sulfur ( TS) contents in Suaeda salsa litters in different nitrogen import treatments

2.3 AU AT Bt B AR R R

ST A BT AN [ 35 S5 5 12 7 A ) s IV % 3 6 2 e B0 () 4 e B R AN TR B2 B e R (181 3) . ey ik
BRI (CAD) B2 BEA 7 A S 3 it 38, HLLA N1 AR PR B NO ARV 22, N2 Il N3 AbFRAG(R . BB fiti
O3 AT R AR S st AR 4k, HE SAT 7E NO N1 N2 1 N3 LB R 23 AR T 15.26%—59.04% .15.11%—69.
69% .15.80%—64.47%F1 27.25%—73.78% , 0—70 d,N3 43 FERAKA B IR 0 Bl 22, H B i 5 T H:
AL B ;70—162 d, N1 AbBE T FRAKI IR I= 0 Bl i 22 , 1 N2 F1 N3 b3 R A9 675 2 Bl 20 5 162—220 d,
B N1 AbERAN , s b BE R AR IR (B3R 2 2 S ka4, 220 d Je , A [R) 366 50 o 4 A %) e it o e By
NL1>NL3>NLO>NL2 , M Bl f 22 900 NL3>NL1>NL2>NLO, 13 B Ah R s i A S5 F T 544 35 i o 1 kg 4
XFORBR R o3 RS HA — 2 R HEVE A, ELIZAE 43 BIAE N1 A N3 Ab BN R i o B
2.4 AREFEAFT EZESHAHIEH

N R A 3R 5% B AR S B D B AR DG 22 B, N2 FI N3 A B R 42 A S Sk R pH R B
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Fig.3  Variations of carbon and sulfur accumulation indices ( CAI and SAI) of Suaeda salsa litters in different nitrogen

import treatments

FAIE(P<0.05) ,NO N2 Il N3 AL 5% B 5 EC & W2 80 8.2 IEAHSC (P<0.01 51 P<0.05) , M HAdLER
BEHF (MREE U R TR ) 55 ) b B R 432 B8 3 2 I B A DG HE R A 36 3 | 3K F (P>0.05) (£ 4) . 55
A ARV RA B R B ORI AR & B & BAE L (TC TS \CALLSAD) 53R B C/N Lt . C/S LA EREE K 1Y
FAICATHT R B, R N1 AL N2 Ab B R AR KA TC & fE 5 pH 2 83 HUAHIC (P<0.05) , 54U 5 .35 IEAH O Sh
(P<0.05) , HAAR SR 75 AR DR ARA B B 3K (P>0.05) (% 5) . AFELEITFRIAN TS &85
C/S HZ a3 2 B F R (P<0.01) X N2 ZbFE T (1 TS & it 558 B8 M EC &2 3 IE A (P<0.05) .
HHZ R 4 FRAL BN (9 CAL RZH 55 M C/N H R 2 38 5 i 2 IEAH DG (P<0.05 57 P<0.01) N1 #lI
N3 4B CAI 5 EC & 5 E FA5E(P<0.05) N2 FiI N3 ZbH R CAI 5 pH & 3% A5 (P<0.05) , AFRA
AFERN R R A (C/N LA C/S RS2 M B R SAL (19 222, b g B e b5 SAL ¥ 2 g 35 b B 38 TE AH OC
(P<0.05 B P<0.01) ;5 N3 §F  HABZAEHE T C/N H 5 SAL 55 B3 1EAC(P<0.05) 1 C/S HoI 5 H 2 4k
B EMMIE(P<0.01), AN, N2 F1 N3 AR pH 55 SAL £ 5 A58 (P<0.05) , 1 N2 4bFE T EC 5 SAT &
e 2 TEAHIG (P<0.01)

x4 TRBRLETREZREXESNMERFZEEXNE

Table 4 Correlations between litter mass remaining and environmental variables in different nitrogen import treatments

EC/(mS/cm) Hilsc HFRIRE/C

S A 24 I B/ %
ﬁiﬁgﬁi pH Electrical Atmospheric Ground “kj_x %
Litter types . Moisture

conductivity temperature temperature
NLO -0.608 0.725* 0.232 0.481 0.256
NL1 -0.499 0.633 0.278 0.382 0.415
NL2 -0.737" 0.827 " 0.169 0.383 0.495
NL3 -0.823" 0.877 " 0.296 0.337 0.438

“ A P<0.05; " * 24 P<0.01

£S5 TEERLETHRRSH(TC.TS,CALSAD 5&EFZ EHHEXE

Table 5 Correlations between C or S parameters (TC, TS, CAI and SAI) and variables in different nitrogen import treatments

e g ¥ & B . i/ C M/ C EC/(mS/
Fefhpm 2H ﬂfwmag /N /s W/ % Al“m heie E{_“” J " El( e )
Litter types ~ Parameters ébb_ C/N ratio C/S ratio Moisture fHospherne roun P e rl?d_

remaining temperature  temperature conductivity
NLO TS 0.370 0.375 -0.873*" 0.015 -0.041 0.159 0.000 0.016
SAIL 0.744* 0.690 " -0.861"" 0.116 0.055 0.316 -0.244 0.300
TC 0.023 -0.195 -0.022 0.325 0.322 0.501 -0.330 0.285

http ; //www.ecologica.cn
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S 25 FREA R /N /s B % %iﬁ/‘t. R/ C EC/( mS/cm)
Litter types  Parameters M‘f“ﬁ C/Nratio  C/S ratio Moisture \tmespheric - Ground pH Ele“m,“a,l
remaining temperature  temperature conductivity
CAI 0.949 "¢ 0.708 * -0.441 0.327 0.310 0.567 -0.617 0.690
NL1 TS 0.633 0.427 -0.932*" 0.002 -0.495 -0.356 0.359 -0.255
SAI 0.864 " 0.670 -0.798 " 0.122 -0.245 -0.109 0.077 0.031
TC -0.172 -0.369 0.757* 0.364 0.678 0.539 -0.773* 0.683
CAI 0.977** 0.703 -0.262 0.460 0.407 0.476 -0.627 0.737"
NL2 TS 0.720 " 0.535 -0.952*" -0.027 0.294 0.449 -0.637 0.750 "
SAI 0.917*" 0.790 " -0.931*" 0.202 0.249 0.453 -0.726 " 0.850 "
TC -0.440 -0.593 0.427 -0.470 0.809 " 0.553 -0.278 -0.224
CAI 0.875*" 0.737" -0.604 0.258 0.472 0.564 -0.763* 0.641
NL3 TS 0.659 0.407 -0.978 " 0.162 0.571 0.547 -0.606 0.452
SAIL 0.833"" 0.606 -0.951"" 0.322 0.547 0.570 -0.782" 0.655
TC -0.452 -0.732 0.275 -0.251 0.567 0.677 -0.114 -0.155
CAI 0.867 " 0.490 -0.619 0.273 0.510 0.604 -0.789 " 0.725*

2 P<0.05; " i P<0.01

3 iTFig

3.1 A AXTERAR S i SR

AT FIA A7) AL 3 B 5 AR 1) 5% BH 0 2 [N AE A 25 25 5 (P>0.05) |, 3K AT g 5 AN [A) U A 5E
FEML G R Z (B 22 A KA (3R 2) o HRZATRIT Bk N2 F1 N3 AP TF AR 5 pH 2 W& ARG
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Fig.4 Variations of pH and electric conductivity ( EC) of surface soils in different nitrogen import treatments
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