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Abstract: The Suaeda salsa marsh in high tidal flat of the northern Yellow River estuary were selected as
study object, and the variations of inorganic sulfur fractions during the growing season were investigated by
conducting an in situ experiment of nitrogen (N) import which included four treatments (NO, no N input;
N1, low N input; N2, middle N input; and N3, high N input). Results showed that the inorganic sulfur con-
tents in soils under different treatments generally followed the order of H,O—S > Adsorbed—S > HCl— Soluble—
S >HCIl— Volatile—S, and the total inorganic sulfur (TIS) contents accounted for 34. 52% ~39. 58% of the total
sulfur (TS) in the four treatments. The contents of H,O—S, Adsorbed—S, HCl— Soluble—S and HCI—
Volatile— S in wetland soil was changed by exogenous N enrichment in varying degrees, and the effects

reached significant levels in some periods of the growing season (P<C0. 05). Compared with NO, the contents
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of H,O—S increased by 6. 12% and 7. 07% under N1 and N2 treatments, respectively, and decreased by
0.98% under N3 treatment. The content of Adsorbed—S increased by 11. 73% under N1 treatment, but de-
creased by 23.53% and 13. 77% respectively under N2 and N3 treatments. The contents of HCl—Soluble—
S and HClI— Volatile—S showed a decreasing trend under N1, N2 and N3 treatments, and the decline were
5.21%, 19.63%, 59.59% and 0.28%, 16.10%, 6.44% respectively. Soil nutrient condition, water salini-
ty, and acid-alkali conditions under different N enrichment treatments were the key factors that affected the
amount of TIS, but the effects of pH and EC on the dynamics of different inorganic sulfur fractions were es-
pecially obvious. This study found that the exogenous N enrichment could affect the absorption and utiliza-
tion of inorganic sulfur fractions by altering the growth rhythm of plants and the acid-base status of soils,
which consequently changed the contents of inorganic sulfur fractions and the stock of TIS in marsh soils.

Keywords: inorganic sulfur fractions; total inorganic sulfur; nitrogen enrichment; Suaeda salsa marsh;
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348 ot A i 2R ) B4 S L X T A HLER TR 9 % AR
P ZE U 55 . B8 2R 2w Y RS RS 8T
TIS.H,O— S I Adsorbed —S & HIREA%., 55 4b,
S5+ 1 h HCl— Soluble — S % b Z iy A & 34 m
S — R AT AR Ak 1) D R 3 AT R 5 A F 5 401 i 0 O 9
CRUE R TE s/ g e Wi i 3 O o N N T PP
R X5 95 43 T SR 5 g0 458 A 0, T N2

N3 Ab BE 9 A 4 6 X R 1S CEL 6) 5 it iy 4= 3 v
B H,O—S #1 Adsorbed—S 7] GEAS & LA EAE ¥ A=
KX B TR 53 175 5K AR A REALR T H, O—S Al
Adsorbed—S iy HCl— Soluble — S 7] Gt #% 8 4 K
W i S EGX 3 MR S LG & LD TIS
FETER AR AT WRER . HILZ T A RA
AhFER £ HEh HCl— Volatile—S % &t (5 TIS & & #Y)
L 15) 349 e AR o LG AR Bl 220 400 A 1 185 i AR A2 fE R R
Ji AL AT REAE T A 90 B M 2 67 T e T N L i 3R TG R
K H K5 F R (13, 75 % ~40. 13%) s RAFAE
KW DR A A L il SO FAbid )5 o #2317 218
HCl— Volatile—S & B A G .

1500 N3 1 120
—— W EAEYR
~1200 | —— WMFEWE - N %_ . 1004\
.E NO 4 80 .EI
2 o0 | e 2
I ~ 4 60 1
ﬁ 600 | \:/i l /l_ l %/% ﬁ
4 . 1\1/1\ X 1\3 %\ I x l | I I
H 500 | é/_ 1 l ) o 4 20 =
o 8
0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0
— Wy 00 WV 00 WV I~ — — ) 00 Wy 00 WV I~ — — W) 00 W) 00 WV I~ — — S0 W 0O WV I~ —
NN = - O NN n N = — O O AN N N N = = © O N N n N = — O O AN N

v O [~ 0 &
(== - -

H#R-H)
Bo6 FARARLETHEM M TENETTHE

S T B R R R /U AR B TIS & & sh A48
AR SRR 2R R FH 3 A3 43 A X 5 i) JFL IR A 79 A G
AT e (R 2), Z5HL3RMT,NO A3 i 15543
ZAECTS. TP Al TND FK SRR B0 S 2 M TIS F & sh 4
ARAL I S P (R DT IK 84, 6520) . 17 -+ HE R 4
RO pHVEC) %t H A8 fb b B AT 8 2252 mi) (R 1 53 ik
KA 15.35%) ;N1 AMEE R L 52 m TIS & & sh A28 1k
() G5 K Ry 3 5% 4y 24 (TN TP (Rt BTk %
g 79.68%0) FAK 4y B CEIF STk N 20, 32%0) 5
N2 4b ¥ T, £ 3 iR Bk 0L (pH.L EC) 5 3% 4 4 14
(TP &5 TIS & i 2h & A8 b i SC 4 A 7, H 2t
TR IR 91, 2126 ;N3 bR L5 mg TIS & & sh 48
) SCEER FBR T H 3R SR B (pH L EC) K 43 &
AR TR R 81.19%) . i f 45 38 52 43 55 1
(TP (B Tk R 18. 81%), ik &5, R & 5
M A [ B AL BN 3 TIS IAE Y XN E R EZH
TSRO S KR B R R B L AFL BE A AU A Y
Ko, g2 TIS WRAF & 19 77 70 B AR AR T 8RBl
BUH N.P.S &L AN P, mii ik ol A, A8 58 X
i 32 Vi b, o B 27 R A Ak R BRI L AP 2 U A

S Y30 T SR S B AR D0 A DL 22 A L O 2
= 0 PR 43 5 T TR Al A 1) B R R T g
WK . ATREIE R X IR o R S R 5 A8, R BOR
[) 220 A T W A B 0 AR RS AR AR R R A AR L
1 AT A8 () 422 52 ) 2] 1 48 v TTS WAE = 1 sh A8 AR 4k
3.2 REALET HEBEMERI TVEE S E
AT AR A A LB R 5 pH Rl EC 1y
SRR B S A RRAE  pHRE A Bl 2R A S i) 3 i
a1 EC W 2R SE (E D. fHE %, pH
M EC X AR Z AT 13 Adsorbed —S,HCl—
Soluble—S #11 HCl— Volatile—S {5 i 7] §& 5 2y B
W(GR3D, ARELIT . pH 5 Adsorbed—S, HCl—
Soluble—S #l1 HCl— Volatile—S XK £ 2 i tH &, M
ECH5HKZREEM*X, Hvd.pH 5 Adsorbed—S
TE N2 Ab BT S 4% & 2% 6 A 5C (P<<0. 01) , 5 HCl—
Soluble—S 7E NO I N2 43 5 4 i 2 5 2 3% £ AH
X (P<C0. 01 8% P<C0.05), M5 HCl— Volatile— S
7E NO FI N3 4bBHF 52 35 fAAH G (P<<0. 05): EC 5
Adsorbed— S Fil HCl— Soluble—S 7 N1 4 ¥ T 2
B 4 3 B B 3 IE A 56 (P<<0. 01 8 P<<0. 05) ., 1 55
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HCl—Volatile—S 7 N2 #l1 N3 &b ¥ T &2 g & IFE 40 %
(P<C0.05), Rk A%, & ff s 4500 T 4% pH 27}
s T EC SRR U] 8 b ] S8 1)
ERBL S REAIG, T B R L B R BE SR A
AR B AL YTE ) HCl—Soluble—S & it Fifi 2 F#AIT
WS pH M X, 5 EC RIEM %, H4h. +%
EC Yy REAR IR Uk B £k 43 X B R £k 5 1k 14 J5 BT %) 410 il
RE F7 BEAR S Ak 30 I B 1) 005 T B i L ik 7 — s AR
AR T ¥R R R B P AR I 2 A A K R
1&&(13 7500 ~40. 13%0) il AR B A (20 pm 1)
Kie 929 LA 1) A4 B 42 3 b i) HCL— Vol-
HFEAL. HEZ T RE AT 5
Adsorbed—S &5 pH B8 AR, H 3 19 AH ¢

atile—S 7

PEFE N2 Ab 3T 38 B4 1 7K (P<<0. 01), 3 4h .
5 EC ¥R IE M 56 (NO 4bBEBR A1), H 35 19 41 &
T N1 AZbHEF 3k B B 2 K (P<<0. 01), ARBFFE
oL BEE AU B AN, pHOBE IR 5 A (K
DL M AE—EFEE L FET £ Adsorbed —S
B R FEAR (R 2) 0 33k — 45 5 15 30 37 i 200 kR e
Es N R R IR 4> 5 pH Z A OC R W 0F 58 45
e—3. Bk pH M EC 5K RIES LB A 7E% Y
KFRIHA IR 7T 58 54 4b BT B —JE S Tl
WRAELE 34 )G 2 & . 40 Adsorbed—S 7E N2 4b 3R
5 TS 2R IFHE(P<0.05) £ N3 AT 5 TN
FEr 7K B 2 3 674 56 (P<<0. 05) ; HCl— Soluble —
STE N3 AT 5 SOC & i 2 IE A1 5 (P<<0. 05),

2 BHEEREHSERE
B W _ I%ma — s Wi 2]
FrAEE b &Y Bl iR/ Y 71 72 73
1 3.034 43. 344 43. 344 pH(x) —0.488 —0.154 0. 859
2 2. 892 41,308 84. 652 EC(x5) —0.140 0.929  —0.344
3 1. 074 15. 348 100. 000 TS(xs) 0.976 —0.203 0.074
N0 4 1.720E—16 2.458E—15 100. 000 TN(xy) 0.084 —0.173 0.981
5 5.281E—17 7.545E—16 100. 000 TP(x;) 0.085 0.990  —0.109
6 1. 119E—17 1.598E—16 100. 000 SOC(x5) —0.751 0. 645 0.141
7 —5.171E—16 —7.387E—15 100. 000 KR () 0. 888 0.337 —0.313
1 3.770 53. 855 53. 855 pH(x)) 0.501 0.771  —0.393
2 1. 808 25. 822 79. 678 EC(ay) —0.863 —0.505  —0.014
3 1.423 20. 322 100. 000 TS(xs) —0. 861 0. 354 0. 366
N1 4 2.784E—16 3.977E—15 100. 000 TN(xy) 0.938 0.296 0. 180
5 2. 802E—17 4.003E—16 100. 000 TP(x5) —0.004 0. 999 0. 040
6 —5.004E—17 —7.149E—16 100. 000 SOC(x4) 0.681 —0.011  —0.732
7 —1.454E—16 —2.078E—15 100. 000 ok () 0.112 —0.093 0.989
1 4.236 60. 509 60. 509 pH(x)) 0.979 —0.121
2 2. 149 30. 702 91.211 EC(xy) —0.235 0. 846
3 0.615 8. 789 100. 000 TS(x3) —0.944 —0.331
N2 4 1.719E—16 2.456E—15 100. 000 TNCx,) 0.749 —0.617
5 —8.404E—17 —1.201E—15 100. 000 TP(x5) 0.272 0.932
6 —1.569E—16 —2.241E—15 100. 000 SOC(x) 0.616 —0.688
7 —4.656E—16 —6.652E—15 100. 000 KR () —0.911 0.268
1 3.592 51.319 51.319 pH(x) 0.990 —0.140 0. 020
2 2. 091 29. 871 81. 191 EC(xy) —0.917 0. 356 0.179
3 1.317 18. 809 100. 000 TS(xy) 0. 620 0.422  —0.661
N3 4 1.968E—16 2.811E—15 100. 000 TN(x,) —0.989 0.047  —0.143
5 6. 854E—17 9.792E—16 100. 000 TP(x;) 0.161 0.313 0.936
6 —7.548E—17 —1.078E—15 100. 000 SOC(x4) 0.254 —0.940  —0.230
7 —2.192E—16 —3.132E—15 100. 000 ok () —0.094 0.996 0.007
WTL**/F@?%KEJ%LL@TKE]%F [Al %Xa‘ LB & s AT B LR APE R 73 07 (GR 4) . 45 R 3R,
FIEASTCHUBR & 5 0520 A0 G F 5 R RE S NO & FE T, TN X HCl— Volatile — S & 5t 22 fk 1) i
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FE Tk AT 3k 98. 5% (P =0.007); N1 43 R, EC %t
Adsorbed—S & & A5 Ak 10 fi B DTk R ik 94. 4% (P =
0.019) . TS X% HCl— Volatile—S 7 25 £k 1 i B Tk R
k7 96. 2% (P=0.019) ;N2 &b 3 F, TN X} Adsorbed—$S
SRS AR B R B TR RN 96, 2% (P=0. 019) ., pH X
HCl—Soluble—S & AR fb [ i B STk R R 92. 9% (P=
0.036) ;N3 AbFE T, TS X%F H,O—S £ 125748 4k 1) g ¢ BT ik

91, 0% (P=0. 046) , SOC %} Adsorbed—S& & 28 1k
AR B ST R 99. 3% (P=0.003), %5 FiRAH 4
BB o046 2R LA K if ik 52 ) TIS 2h 285728 46 1% 3 1 40
DHTH RS S —2. WA, X F AR A AL BT oY H A
TCHUBRIE 05 8 A0 2k 1 E 3 B v T A fu] R iF
A7 A8 Uk B AE AR R AR T AR A 32 BRI 1Y
S0 AT RE AR 4%

83 45
82 | (2) 40 L
8.1 | 35 |
8.0 | 30 |
o 79 F 925 L
~78 | =20
77 b —o— NO 15 [
7.6 [ —o— NI 10
: —A N2
75 o N3 5
74 E 1 1 1 1 1 1 ] 0 1 1 1 1 1 1 1
05-31 06-24 07-18 08-15 09-18 10-27 11-20 05-31 06-24 07-18 08-15 09-18 10-27 11-20
H#H(A-H) Hi#HA-H)
B7 £KE=FARFANETLE pH ECEY
£33 FEARLETEVNRSESRERFZEBELXXR
AH ek
THLRIE i
o pH EC SOC TS TN TP &k
NO —0.477 —0.491 0.370 —0.030 —0.422 —0. 387 0.133
N1 —0. 344 0. 199 —0. 104 —0.423 0. 689 —0.417  —0.577
H,0—S
N2 —0.385 —0. 120 —0.279 0.119 0.117 —0. 608 0.397
N3 0. 245 —0.904°* —0, 252 0.175 —0.237 —0.427  —0.146
NO —0.202 —0.477 —0. 389 0. 408 —0.451 —0.213  —0.434
N1 —0.596 0.951°* —0.407 —0.353 —0.072 —0.578 —0.211
Adsorbed—S
N2 —0.949"" 0.772 —0.329 0.785" 0.559 —0.397  —0.847
N3 —0.376 0. 209 0. 086 0.239 —0.821* —0.196 —0.979"
NO —0.923"" 0. 029 0.508 —0.042 —0.537 —0.106 0.542
N1 —0. 490 0.851" 0.114 0. 089 0. 346 —0.206 —0.562
HCIl—Soluble—S
N2 —0.905" 0. 744 —0.313 0. 620 —0.143 —0. 211 0.543
N3 —0.110 0. 026 0.796" —0.166 —0.080 —0.144  —0.877
NO —0.835" 0. 744 0. 377 0.038 —0.515 0.212 0. 562
, N1 —0. 430 0.573 —0.495 0.518 —0. 449 0.010 0. 474
HCl— Volatile—S
N2 —0.723 0.911* —0.184 0. 150 0. 084 0.293  —0.287
N3 —0.768" 0.822”  —0.284 0.125 —0.435 0. 332 0. 460
F4 FARGHE TGS HEREFZRS 1B 54 3.3 EYEKTEERFSAARE LELIHR
B EHRES I )5 7 R? P A0 |

N0 HCl—Volatile—S y=23.139—0. 039z, 0.985 0.007

Adsorbed—S y=—T77.702410. 1572,  0.944  0.019

M HCl—Volatile—S  y=—25.189+0.026x5  0.962  0.019
0 Adsorbed—S y=12.61140. 098z, 0.962  0.019
HCl—Soluble—S  y=3728.384—465. 3662, 0.929  0.036

’ H,0—=S y=15.64140. 188, 0.910  0.046
v Adsorbed—S y=—16.152+0.0062;  0.993  0.003

AWFTER YL BEE R AR A8 . AR
TE 25 TOALBRL 5 AR A A AN [R]) A= A i 0] 4 52 B S A (]
4 72 AR AL T 3 A 22 A R R S AR ) A T A DL R
EEMTN Z AR SRS R WU, B AR
W] TCHLAR A S n] 48R 40 W e R T Y 3 B 0 G
T A7 5 AL £ A R P 2 DA DR

ARHFFE A AN TR A BT A58 25 JCHLRR & 8 A AR
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Ber) pH # R bl U A B 9 38 T R 7D B
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AEEL AN LA AR W 2R KRB 3R 40 B 7oK L T A R
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S 7R R BE B A P R W R o p ol A5 A [ R4k B
F 4 HCl— Soluble — S 4 4 76 4E K IF #5734
RO RAR Fa e, 78 AR KE I, R B 3R A B SR
FReelgm, X HE ST AFRALE T LE SRR
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W TA] — ELAL F RO o 8 U R A KR R
ENEN NN B 3 e ch L N CIE =R
T8 H,O—S 1 Adsorbed —S & & 7F Il [A] ¥ 2
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T2 R TR A | Gk R B A 45 G AE — S A UL E 1Y TE L
BIEZS , B 5w i ke v A 2k i H.O—S
Al Adsorbed— S 2, il 2 I [A] 4 9 5 % 9% 43 75 2R 19
BEAL, SR S RA TRE., HILZT,
+ 3 ) HCl— Volatile— S & & 7F I (8] CER ) 2 4=
T AR H AR Bt S0 A ) BT RAAG . PR T BB AR
T — AN ERENE AL, LD A S AT
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4 45

(D HME R AR E K 8 R RS
TCHLBIE 5 2 1 A8 A R AEAE B35 52 M (P=>0. 05) . {H 3k
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Adsorbed—S>HCIl—Soluble—S>HCI— Volatile —
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FrEAY BB IN T 6. 1226 A0 7. 07%, Wi #E N3 b H R [
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