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Abstract: To investigate the effects of ecological restoration project on variations of inorganic sulfur fractions
in marsh soils during the growing season, the Phragmites australis marshes in un-restoration plot (R,),
restoration plot since 2007 (Ry;), and restoration plot since 2002 (R,y,) of the Yellow River estuary were
studied. Results showed that the contents of inorganic sulfur fractions in marsh soils were greatly altered by
the ecological restoration project. Compared with R, , the levels of Water—soluble—sulfur (H, O—S) in soils
of Ry and Ruor decreased by 46.7% and 44.7%, whereas those of Adsorbed—sulfur ( Adsorbed—S) and
HCl—Soluble—sulfur (HCl—Soluble—S) increased by 0.4%, 116.0% and 50.1%, 29.1%, respectively. By
comparison, the contents of HCl—Volatile—sulfur (HCl—Volatile—S) in soils of R decreased by 8.0%
while those of Ry increased by 19.7% compared to R,. The contents of inorganic sulfur fractions in marsh
soils of different restoration stages showed different variations during the growing season. There were two

probable reasons. First, it was closely related to the growth rhythm of different marsh plants and the sulfur

Y75 B #:2020-03-31

FEIME EHRHRB RS W EIH (41371104,41971128) 5 th A £ Bl 24 Be 4 b B A8 TR H (CXGC2016A08)
F—1EE RN EEQ97 ), & W WF g A 328N ] O b A W L ER AL 2 5T . E-mail: huihuiwu97@163.com
BEER IVES 1979, 5,058 B, 1A S W, 2RI A ) b BRI 2% B 98 . E-mail : zhigaosun@163.com



i

5 6 3 QB AE B A S AR TR - A RJE S TE AL B 2 A AL 1 5 ) 151

supply relationships between aboveground and belowground parts; Second, it was dependent on the variations of
environmental factors (especially pH, EC, and nitrogen nutrient) caused by different ecological water supple
ment patterns. With increasing restoration years, both the total inorganic sulfur (TIS) content and its
proportion in total sulfur (TS) content in marsh soils decreased greatly. Also, the TIS stocks in marsh soils
generally decreased with increasing restoration years. The decline of TIS stock in marsh soils mainly rested
with the contributions of H,O—S, Adsorbed—S and HCl—Soluble—S, and H, O—S was dominant (78 % ~
80%). This study found that, with the gradual restoration of marshes in the Yellow River estuary and the
implementation of reed harvest in winter every year, the inorganic sulfur nutrient in restoration marsh soils
would gradually tend to be deficient, which might be unfavorable for the maintenance of stability and health
of marshes in the long term.

Keywords: inorganic sulfur fractions; total inorganic sulfur; ecological restoration; Phragmites australis

marsh; Yellow River estuary

T] 119 M Sy Pt e ) VA 2o 9B ) DX E R LR
T 55 70 R 1 A4 ) 4t 3R A 2 A0 20 3o A v 47 VB A
o, G HLAE Y A K R A B b AN AT A b
FIRTUE X TR YOG & i 2 b oK 4k A& 9 i AR
R R 2R AT A L R ) 1 R I A A
WOPE Sy T AT AR AR Y . B - HE T
HILAR S A 400 35 BBURR 77 43 B4 32 SR TR 8 ok A4 400 A T A
SRR 55 %01 OB A KRR B A7 R 0 BB S e
MR AR K LT . W T O sz B W K 8 h—
T A% LR T 9 — R, H AR — R SR IR B R
BRI i KRR AAAIES £
B BURTRIE 25 22 1) (0 55 Ak tho 6 Ry &2 2%, 308 1 mT R 2
SECHERUK R A A S R GBI E—R
B A 25 n)

B A1 5 0] F19 M A A A oy H T W &+
AT AL 5 TCHLGR T 25 14 43 8 s g2 B R TR A
B o0 A SRR TG A6 R kAR R B
R TR AE AL DL BB 5 At 5T 2 RS A 1R Y
SEJTE o 7 PN OGO A SR T 9 A IX
Sl O 3 5 [ VT g O DR AR Ry e
)OSR R B T R s BT A
SRIAT T 1 M - 48 4 0 S TC AL AT L 32 2 5 i AR R
i (H, S.DMS 1 COS) LA K Bt A 16 845 4 45 J7 1
17 & 18 Ak B Mk &2 1] 119 b -+ 1 6 WL AR IR A7 25 M
HHG AL BB 58 30 LA

BT 1 b 1 Ry 8 ) 1B I A AR e R R AR R Y
T 0 b, X T 4 P X SRR S e R R AR
M. A 20 28 80 4FAX LAk , HE AT it S K & 1 47 bR AR
R, H AR AR AR & AE 1983—2001 4F [A] — B 2 4
ST RS AT K 12 M 0 ARE SR AR I, 2 Tl T 3
AR AN 25 1 7 B S /D, DTS 00T 11 3 ™ R
AR L ER T T T M R R M L H 1999 AR T
G 7R E S5 Bids T L B KR 2 5 A RHE L E R

MRl JRy B A7 SR T T AR AR JE 8 T — R A TR RSt , X
HEATIR A IE R, JUHE H 2002 4F LUK B4R AR K 4
YOSt U 1R DA 51 8 b K Ry 32 2 T B iR A 1 ik A7
TAHBWE , 1k 2015 4F, A B E TR Rk
10.5X 10" m*, 58 /& 2.3 X 10" hm®'", il a5 & %k K
S it 0 M A SR TR AE Sk T b A2 0 AR T A R IR
KT B 3 K S # k A Ae K AR Ak 4 ) st 2 O 8
I T REFRy. B MIE R, O A S K
A2 TR AR St T S BT b - R o R B AR M R
Ak AR, A/ CTND A LB & B 4 AL s
JEHLAE (Eh) cpHY'™ DB 2 SR B 55 L R i) 2
IR ST A R HL T B0 SR AR A D B 85 AR A T g 3 ol A
T 1 = R B4 % Ao R L R T AT RE X A AR Y A T
AU AR TR o0 L 245 0 A B T AR R 2 . SR
1M H A5G T 859 AR AR08 b A= Sk & A s AR
T 25 T MBI 3h 2528 1k K HC 52 ) AL 3 19 BIF 5 34 6 AT Hi
T, ST A ST B BRI 1R PK A X, 2002 4EK
SZIXFN 2007 AEYK 5 DX Y ML AU 3 1 S BF 5RO 42
WF5E T 10 A 6]k 52 B B A 48 o A [ 25 JC AL A Tt
FER S A K H EZ w7, LU IE— 2 A0
A 2SR A TR X Y M A9 A 1 5 i AL B L O BT ORI X
25 Hl B KRR A R R 2 A
1 ®RS 5%
1.1 HEX#HR

WF5E XA T L AR #50) = A O R 2 A SR PR B IX
(37°40'—38°10'N,118°41'—119°16'E) (| 1), %1}
PIIX T 1992 4 28 5 55 Be fib o e 57 L B AR 15.3 X 10"
hm? , 23 ) W2 47 A 2L A2 1k A Tl 0 Ml AR AR R
gr, EEAP T OH R R RS MR PGS,
PR DA T A DOBF J5E, 3P40, WK 7 <<2 m,
BRI R £ s PR X R BB R AT K
il P 2 RV A DX T AR RT3 v R T A R ) L A 8
SR 12,1 T BB 210 d AERELE 1962



152 K AR FEAE AR

5 34 &

mm, B KRN 551.6 mm, KX FEAEPAH
%5 (Phragmites australis) 0% % (Suaeda salsa) .
75 FE—3k (Triarrhena sacchariflora ) Vb K ¥ #
(Tamarix chinensis) 55, 3 DL P 55 F3# 08 3% 19 53 47
Bz,

i: - -\ﬁ__i‘

PN

-

K I ommu
R A HEK
. o— mw

0 4.59.013.518km

<
Eeu=EE b

A
KEREES

2002

Bl EA=ANEARPRUERKE XHHHE

1.2 MiRF*

1.2.1 H&BFELSA® KT 2014 4F 78 50
10 200 b S 3 S IR AR ML B R, (R
B IX L SRAE AT — ELAL TR B AR (Roge (2002 AR &
XL oRAERFE KR 13 45D Fil Rogyr (2007 4EPK B X, 2K
FERFEARE 8 4F) . HirP R A Ry, BE HLI 7 T4 47
DX R 7 Bl JUT % DX B P s R B A T BYRT 11 A8
PHUE BT RE K3 N (L 1) 0 Raoes A1 Rogor 169K 52 1T 34 40
TR MBI F A 2 35 s IS A IR
IKBEFTEE . Reoo FEVEKIAV IR (6 A TAIZ 7 A
A SRR A AR K 7 2 T Raooe BT 3% 38 HT) 1]
W, — FORIAAEES AKX, fE LR 3 A~ S pf
FEREHL N 2R FH A ERDIR SR AR 28 43 1) T A 4 19 A K )
(4 A 4], initial stage, IS) AERKIEW (7 A da],
peak stage, PS)FIAERK AR (10 A 4], later stage,
LS) kA 3 A~ Mt AL - 3 L SRAEIRBE SN 0—20 cm,
AL G R 10 cm, HoREE 54 DR, 45 G IRE A
IR 52 45 2R 32 DA [R5 B B 1t 1) P 25 AR R 2
AT 020 em HECHHT BAEY R LHIE R,
Rooor Il Rogor S F 57.9% ~66.5%,71.9% ~72.8% Fl
64.5% ~78.5 Y)Y, BT LRI Z + 2 19 JC AL B K A
A A AR S IR X A ) B 5 3 ) 5 R

1.2.2 #HmamBale L RE R W A R
il g % [ AR KT R BR AR Y T BRI HLATE I 5 i
100 H i 2 RF I, 4 3 vh AR [6) 8 28 T L K o 1
B H, O—S) W fif 4 8% ( Adsorbed—S) | 3k 2 7] ¥ 1
fif (HCl—Soluble—S) |, # & #£ & 4 i (HCl—Vola-
tile—S) & 72 I/ Krairapanond %8 (BT 5. R
FHEAM O EE T 2 . SR HLER (TIS) & &k I

w4 LA LA & 8 22 M. SR Vario EL #
JCE T 2 34k (TC) . &/ (TS) fl TN 7%
T, R I AL (TZS— 1)l & + 38 & k&
KT A E R R B it (PHS — 3D)
e 3 pHOK L 2.5 ¢ 1), RAHH S (DDS—
307 HERMOME R FROKER S D ESHA
(NH, —N) A SR (NO;, —N) & E KM 2
mol/L 1Y KCl ¥ 42 J5 fif 1] i% 22 it ) 73 #r {X (Bran —
LubeeAAA) I E
1.3 #EHRiE

T 2 TIS = (L, »g/mi) AN £ )2
B TIS &&= (S, ,mg/kg) . L EAREFE(d,;.g/cm®) 5
R (b em) BYFEFRY B,

L.=d.,XS,Xh,/100

PN TR — TR E G OBl e 2O B TIS fif 2

(L,,g/m*>)N; 3 n 22,80,

L.=L,=3d., XS, Xh, <100
i=j

1.4 HEFELESHH

iz | Excel 2010 F1 Origin 8.0 #K{FX 805 3E47 704
5oz El iz H SPSS 23.0 FAF XA AR 52 B B 1+ 4
DA KAH [ S [ 23 Uk 88 00 JE ML 7% AT R 3R
J5 2253 BT S WA SZ B BE 1 b 1 S TOALBTR 75 2 5 R 5T
Kl F 4T Person AHOCHE S B FB AL LM [m1H 40 H7 . |
I3 0 2 E K E ) «=0.05,
2 R 50
21 ARAMENEEMTELVNRESENDS
2.1.1 H.O—S AFEIRE Bt 15 i) H, O—S
S T Al 3 IR A EHLER (B 2) . A B
WERZEHPH HO-SHTEHEER TV EZ L
HE(P<<0.05) ( 2a), 0—10 ecm 2 H,O—S &
BIEAE R EIN Raopr > Rag >R, (P<C0.05) , 11
FEA R (P >>0.05) FIAE KR W (P <C0.05) #) R 3
M Ro ™ Rasee = Reoor s X T Ro s Rooee Al Roger )2 £
B H,O—S &4 5l F B 43,6220 F1 36.95 % (£
D. 52ZAM.10-20 em +J20 H,O—S F&Ed
KA N Ry~ Ru00r = Roge, (P =>0.05) , 1M £E 4 K
HE I (P =>0.05) F A KR (P <<0.05) & I R, >
Ruo02 = Ruoer s FH XS T Ry s Rugor Fl Rugor 362 43 1
H,O—S & & 70 % F B 50.85% F1 56.06% (% 1),
HAERKEN.REBEZMERZE LMW H.O—-S & &
RS T ot B IR T AR ORI A B KA
Ry RIZFWR)Z A H,O—S & R R FFK
A I T AR RIS S AR A . R 9 H.O—S
TR AE AR R T R R R A B AR R 2 ) 5 5
G B AR AL



5 6 3 R ST I AR SRR AR X b R W) JE 25 T AL Bl 2 AL AL 1 5 153

R, Row Raowr

490 -
0—10cm 10—20 ¢cm
420 |
2350 | Ab
% 280 | i
g Anld
a|210 - Aa“
Pl
o 140 | g%ﬁ
™ /r.%
a0 b HE
4
0 / J
IS
R, Ry EEA Ruw
~.’;‘D 180 1 0—10 cm 10—20 cm
~ 150 |- Ab
o H
g0t %
n 7
L oo+ ‘ é
2 i
2 60 | i %
@ i 7
o 30 | i a
T, & . .

IS PS LS

R, Raon: Raomr

180 0—10 cm 10—20 cm
~
z Bb
2150 Aa E
p
L [ I
> (5 vr s I =5
A 90 = T
| o A 14
Aa [ ) ¥
2 s L ]
2 60 G ] 1] Ba [3]
= [ % %
5 A - =Rk
A Aa % /’4 5
3 30 R 7z} al A 5
= 7w K
< o S sll=s
0 7 i Ve
IS PS LS IS PS LS
18 R, Run  EZZ] Ruy
—.’; 0—10cm 10—20 cm
=4
215+ Aa @) Aa
= [ [
[ -
gt 7] K Aa
= e 2 PPL] Aa
2] g7 134 i .
| L Aafd Pk 0%l i
9 7 - e 7ie
o e L i pe
4 kb s K K
G003+ %%o %%‘ %%*1 %‘1
Q -4 ] b ]
= I et 7e ae g

IS PS LS IS PS LS

T R Al K5 7 B R A R IE H  [7] 4 J2 1] 22 53 183 (P <C0.05) s A [l /NG 52 B8 3 /i 7 [l 12 4 7] 22 52 89 3% (P <C0.05) . T Il
B 2 R+ H,0—S.Adsorbed—S.HCl—Soluble—S #1 HCI— Volatile—S & EHH LT/

1 EKEFAMENREMTEREITIHREHSE Hfi . mg/kg
i AR HRERE/om H,O0S Adsorbed—S  HCl—Soluble—S HCl— Volatile—S TIS
) 0—10 164.56+4.25 26.48411.77 68.864-29.76 8.444+0 268.29413.74
e 10—20 114.604+21.91  22.784+7.85 75.28+4.25 7.98+0 220.6474-18.32
R, 1 0—10 247.044175.36  62.97463.86 16.62+13.15 9.36+5.13  335.98+13.74
10—20 108.97+16.81  18.9646.75 70.4242.91 7.3247.47  205.66419.00
0—10 328.1248.15 42.9042.33 37.86413.28 8.1940.09  417.06423.86
A 10—20 309.97424.46  45.8343.14 34.4043.05 7.87+0 398.06424.55
) 0—10 177.17+£27.63  16.53+2.95 107.32481.93 11.9945.67  313.01+£106.84
e 10—20 73.004:30.94  15.2243.50 81.91480.58 11.2144.58  181.404110.45
R _— 0—10 174.05430.78  34.01+7.74 14.9647.03 1.584-0.04  224.594-31.08
10—20 106.2219.69  98.91+42.91  143.63+28.80 1.5540.28  350.02491.68
A 0—10 65.78432.94  28.38418.42 15.73415.28 9.454+1.94  119.33+£34.13
AW 10—20 82.9243.43 27.82422.87 11.34412.63 9.4542.05  131.53+£11.62
N~ 0—10 322.25451.68  16.06412.06 80.71454.26 13.68£1.00  432.69+£117.00
10—20 111.95461.60  43.014£24.42 65.72457.40 13.6540.64  234.33494.02
R _— 0—10 83.544-11.40 136.734-22.63 56.05461.09 5.3444.45  281.66+54.31
10— 20 82.30£11.58  147.374-9.12 5.86£3.01 4.99+4.24  240.51%£1.23
0—10 63.59412.04  29.20421.35 67.13421.82 11.81£1.08  171.09454.14
A 10—20 40.1943.47  102.60£22.62 46.7640.06 10.0140.01 199.55426.16

2.1.2 Adsorbed—S AS[EYK & By Bt i Hb 3% 2 01
FKE P E Adsorbed—S & B 7E & I A Y 7R 7E
F2H(P<0.05) (K 2b), 0—10 cm + 2 Ad-
sorbed—S FEHF A KW FZ N R > Rape = Rooor
(P>>0.05), fEAEKHE B RIN R > R > Rooos
(P>>0.05), MZEAK KB FRIA N R > Ror = Roos
(P>>0.05) ; M XF Ry, )2 13 Adsorbed—S &
HTE Rogr TR 40,78 %, M 7E Rooor T 37.49% (3
., 52,1020 cm )2 H A Adsorbed—S &

A R RN A KR I R BR Roor =R, > Rooe
(P>>0.05), 1fif 76 £ K BE AR IR Rooer > Rooe > Ry
(P<C0.05); M X T Ry s Roger 1 Rooor W38 2 1 HE 1Y
Adsorbed—S F it 43 I3 i 62.08 % Fl 234.57 %6 (k&
. TEEKZENLR, Ruw fl R /2 1Y Adsorbed—
S Fre ) BT JE BEARAR A, B A K HE B A
il 5 2R LROE 3R )ZE 1 E) Adsorbed—S & &
SRR TR AR AL L I T AR R I IO A KA T
Ro02 Fl Rogor W3 )2 13 ) Adsorbed—S & & ) & 5



154 K AR FEAE AR

5 34 &

T 5 AR AR AL I T AR R BE T HRUAS e KA .
2.1.3  HCl—Soluble—S A [E 1Kk & B Bt i 1 32 )2
A2 )2 39 9 HCl—Soluble—S 7 & 78 45 i 1
YA EREFELZS(P>0.05 (F 2¢), 0—10 ecm +
JZ ) HCl—Soluble—S & & 764 K W1 R BN Rope, >
Roor > Re (P =>0.05) , 1M 78 4= 4 BE 31 A1 A KoK 159 44
F I M R0 =Ry =>Ryppn (P =>0.05) 5 # % T Ry s Rogos
Hl Ryopr 72 T 8EHY HCl—Soluble—S & & 4> 9 7 5
11.95% M1 65.39% (F 1, 5ZA[,10—-20 cm +
JZ21 HCl—Soluble—S & & £ 4 K #1H1 (P >>0.05)
FAE K BEIH (P <<0.05) ¥R BLR Ruvos =Ry > Ruor » 1M
A KRR Roer >Ry >Ry, (P<C0.05) 5 A %t
F R, , W3 )2+ ) HCl—Soluble—S & & 7F Ruoos
BN 87.34 % s M AE Ruoor FEAK 6.2900 (K D, fEAK
N Ry Rogos Al Roger 2 15819 HCL—Soluble—S
o R RS T AR AR JF Y T AR K I U
FfH . Ro Ml R, W% 2 £ 5819 HCl—Soluble—S &
ALY R SRR IRE TS AR AL IR TR T A K ) U
T {H 5 Rogor .6 2 3 (9 HCl—Soluble—S # #7481k
5 Ro 1 Rogor #H I » He 4 K HE U BUAS S50 K AHL .
2.1.4  HCl—Volatile—S A MK & K Bt 1 b 1 1
1) HCl—Volatile—S & & 7F 4 F IEHLGIE & H i
IR CIEL 2) o HLAS [R] Bsf 399 A0 ] 2688 b 2 )23 1 3% )22 + 4 v
) HCl—Volatile —S & & ¥ AN fE7E % 22 5 (P>
0.0 (Kl 2d), KM F, RIZWH W RK)Z HEH W
HCl—Volatile—S & & 78 4= K 41 1 F1 A= KR #11 3%
K Rooor = Ruger >Ry (P=>0.05) , 111 75 4E K I 1 6 30
M Ro>>Rupr = Rupee (P=>0.05), X T R, ., F&JEH
W2 R HCl—Volatile—S & #7E Roo 2091 F
B 11.43% F1 4.15% 4 1 7E Rooor 43 3 FH 55 16,28 % Fl
23.70%0(F D, FEAEKZFEN, Rup M Reoyy RIZ 5
F2 L8 HCL— Volatile—S & & #5528 B L S F+
AR AL T3 T A K HE I O B AR s R W3R 2+
() HCl—Volatile—S & & 2 Je B AL S T+ 2 1k,
HIR T4 K HE 9 A B A B AR 3R 2 1 3 v il s
b5 Z M R, I 78 A 4K BE 3 BORS A
22 AREREMERBLETIS SEFHS

AR S o B 0 1l 3% J2 RN 3% 2% - S8 b iy TIS
AR KOR WA A 3 22 S (P <<0.05) , T AE 4=
F A 0 A A HE X AR A 3 22 57 (P >>0.05) (]
3). HANARFEWKE B BB R )2 5 W R )2 R
TIS & 2 76 A A I3 %) 22 Sl 34K W 2% (P >>0.05)
(3, EAEKEN R EZ TN TIS & & 5% ¥
BN A, I T A AR R A BRAS 55 5 {H 5 T Reooe FI1 Rooor
RZHHW TIS T BEZFHEAAE L, F FAEK

KBS R LE. 52 RREL,R, WEZE R TIS
i 2 e/ NI B A S R 3G ARk, I T A KR B R
TR B 5 1T Rooon F Rooor W32 2 T Y TIS & 1Y
BTSRRI TAERKRB IS R IE.
BT Ro Rooos Tl Rooor )2 HNE £ 2 1M TIS &
TRIEA K BRI H R, > Ro =R, (B 3), HX T
R, TIS & 2 [ B 8 7E Rooer A+ T+ 19.58 %6 ~35.68 %, 1Ml
FE Rooor H13.31% ~18.19% . 55 4k, RIZF 3% 2 + 1%
HOTIS i b7 TS SR L BIFE R, 435128 38.25 % Al
27.17% « #E Ruoor 50 9 R 38.19% H1 25.45% . Ifi 7¢
Roooe 2390 25.17 % F1 22.89 % (F% 1), W] UL, Fiti % 1%
SEAEBR A B AN, R TIS & K HE TS S8 aH

1) 5] 52 AR B 2
600 R, Roon R
0—10cm 10—20 cm
500 F
.fdo 1}: A Aa Aa
1, 400 @ g a
a Aa Y
< 300 [ Aapp Ab
] i Ab
41 200 | [F4 \{H
2 - T ]
B fiw :
100 / 1K

0
IS PS LS IS PS LS

B3 ARGENREHTELNRIBHSEL
23 AEMEMB RN TIELVNREENS

AN TR 2 B B 1 b 2% )22 w2 )2 R TIS fif
AR S A AR AR AR AR — (] 3L 4a) . A
KB AR R PR E By B 3% )2 10 TIS F 3 ik
HEI N R, (56.31+12.32 g/m*) >Ry, (23.11 %
10.23 g/m*) >Ry, (17.05+7.59 g/m?) , i 76 . 3% )2
TR N R, (42.80+116.67 g/m?) >>Ry; (24.60 +
2.41 g/m*) >Ry, (15.59£8.08 g/m*) ( 4b), #
T Ry, RZHERZ LM TIS i 5 7E Rooos 53 51
TR 58.96 %0 Fll 63.57 %, MM 7 Ruoer 5331 F % 69.72%
H142.52% . FEE Ry Rogor Al Ryger 0—20 em + 2 1Y
TIS fifi 433 F B 60.95 %0 1 57.98% . #ASIRIFEZSTEHL
Fifig S . )2 138 H, O—S, Adsorbed—S, HCl—
Soluble—S #1 HCl—Volatile—S i & 5 TIS fi% & 19
FCBITER, 43 3 R 72.43%,12.96 %, 12.07 % F 2.54 %,
TE Ruoe 207 R 63.48%,12.01%,21.01% Al 3.50% , ifij
TE Rooor 23510 53.01%,20.55% , 22.03% Fl 3.41% ; AH
NiHL 2 IR R &7 e R B 64.72 0,
10.62%0,15.32% F1 2.81 %  7E Rue 7391 9 39.55% ,
21.41%, 35.69% 1 3.35%., MMi 7F R 43 9 N
34.76 %0 ,43.44 % ,17.55% F1 4.25% (& 4b)., A UL,
B 5 1k 52 A PR B 160, Y b - 3 Y TS fiff it 2 RIS
e TP AR R T H, O—S, Adsorbed—S
1 HCl—Soluble—S (1) 5T #ik
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100 - R, Raoo Raoor 75 HCl—Volatile—S ~ [ZZZ1 HCl—Soluble—S
0] Adsorbed—S 55 H,0—S
0—10cm 10—20 cm
E a v, (b)
w 60 o 45 ¢ ool
@ 40 g 30 | HHM
A A 777
= 2 R ]
K] annfliae
esetel o] b
0 0 L] o] 1 fo] Balaa] Esx] 1
RO RZOOZ R2007 Rﬂ R2002 R2007
B4 AEREMERM TIBELVNBREENSEZTL (a) REEMK (D)
3 W B AT LR T R, iR L. K

3.1 AFREIEMNEH HIEXNRRESTHAIME

AW R W] AR RS B B b+ 58 h & OB S T
PUBE 7 & 76 AE K 2% 52 90 O [R) A8 b R AE , T X Fp AR
BT g 2 25 10 b AN [R] K 52 B B AR 4 10 A AR B
FICFE LG O R B VI G, TR HLGRAE i 45
FE W) A I AR 0 1) 2 B PR LA o 5 A0 1) T
WA B VIR E . AR5 i F HoO—S & TIS 1)
F AR N TIS Fa B R e S H.O—S & it
PR —3 (& 22,8 3). BR Ry Ab s Rooos il Rogor HHEHY
H,O—S,HCl—Soluble —S K TIS % & 7& A& K 47 4] £
TR A F A R 7K 3 32 B 5 S ) A b A i R
ANCIEL 5) o Jin i B 55 43 A DO A G .

1000 F IS PS 2 LS

800 |

]

& 600 |

R - -

4 400 |

= 200 [ % -] -

o L= ko, 1 E ,

R, Rion Ry

ES5 FAEREMNERMAEE FEMBIHE
A5 & 2, R4 Adsorbed—S By A &% 1 &
F HCl—Soluble—S"*), {H H 55 5 78 A5 K 90 1 9 K Ak
T K 5 AT B8 K SO B S 5 B Raooe
1 Rooor 1 58— KA Z v 19 BR B 1 28 48 Jm o , 8 1 ol
7538 3k 8 A8 49 W AR E A7y 2 AR B TE A A A
FI M SO WA K. RERE, ARV R, 1 h
BAIAY Adsorbed—S it 2 5 H H, O—S & KK
(K 2) 04— 4> Adsorbed—S A] G 8 7 7% W 1 B2 111
Hred i AP AR A OC ., B AR AR DR, R R A
A HE I AN [P B BERE 40 5 B 3% 40 A 5 R 4 Bl 22
BT, B kS B ] 5 A H, O— S HCl—Soluble—
S K TIS Fa ¥R (R 2, SEKMINAFLR, .
Rooor 1 Raoor 1 E 1 B Adsorbed—S & 7E 4B K IE 1Y
B, RS 7 AR TR KK

FERIAR L o AR P X AR 35 43 1) 7 SR AR K, i =2 8%
R H, O—S & AT BEAS I A AR K75 5K FR I 330
TR SO 78 H AR DU AE . Roor A1 Roor
Hevh Adsorbed—S 5 t 7F A= K HE 9 55 w5 (A9 BUAS BR
5 ERH, O—S & S 45 50 2 15 1 18 5 7 2B 1 K
SO, 1FLMRLEA A0 8 5 B K Y (6 H T )
&7 A ED AR R A B SR OC . KA TR
4 ATESE HE A8 ) A2 4 B Ko H, O—S il HCL—
Soluble—S WIS [ B L 7R ] fiE S 80+ 38— K AR R )
I 5~ 5 45 A S0 AR A7 WG F 348 3 ) 3 T 5 30 4 g o
[ Adsorbed—S & i ¥ 5 m . 764 KR W, A A 1k
02 i B b A ) AN P R S B A R AR R A K
hmz HCl—Soluble—S A & PE ALK T H, O—S Fi
Adsorbed— S, HH L R BUILTE Ry \Ruoge Fl Ry T4
T B3N 2a~1 200, T R BYH_ B0 LA
FHAE KT 77 43 SR AR A B AR L 3 i) Ho O—S
AITIS 5 2 38 0 B 855 17 Rooe A1 Rogor 14 1L b A 43
FET s g HRAE A A R ) ) A1 U B 5, X At 7 3 AR AR
PR BB AR, it S S0t i) £ 3P s H, O—S,
Adsorbed—S il TIS & & HH 1K,

5 LR 3 M HLE B &4 . HCl—Volatile—S
FrETEAS R A By B R A R, Hod
R, T HEf HCl—Volatile—S & H 7 4 K Z 2840 A~
KoM Raoor A1 Roger 1 3EH Y HCl—Volatile—S & &=
W38 3h A5 KL I F 2B K I B R AR (B 2d) . |
T HCl—Volatile—S F 2 & SO,* TEIR A 5L b 8
Bt 2 5 57k 348 T AT 1A 3 I 0% 1 A TE AL A Y i
R, iR 010 Hb , b 3R TC UK, 58 v ) B R 46 S R iR
JRa FEAE AR K B — 5, th A5 HCL—Vola-
tile—S F A X HBAL LA K, H5ZAM, Rooe
H Rooor TEAE K 22— H A BUK 5 1R 45 5 1k 380 I i 72
— H B, A & 1 HCL— Volatile—S & &
FE A KA 3 R AR RE B A B (B 2d) . AR
S AERKIER (7 H) Ragor A1 Ryger 1 3EH A HCL—Vol-
atile—S & I BAR T R, -3 AT B -5 1 ] 8 2K 54 70 4
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5 34 &

AWK BRI A L BRok vk & 1 g8 &8, 4
VR U5 A T B A T T M A R M R
R = R — R L SRR R
HCl—Volatile—S & & M X AL, (H15 FE W2,
Ryoor T HCl—Volatile—S & 728 K B
T Ragor » X FE G T8 RO A [/ 4K 07 XA 56,
Rog0s 2R U 7 22 40 /K 7 28 (5 8 YA 0 3 3 308 ) 5 7K A2 9%
BB K AR T IR #h 5 6 A T ok AR 0 4 2
AT 5 M0 Rooor 2 7E I8 7K 98 70 19 1] 2R B — R Kbk J7 XL 7K
I Bl AR A3 s Pl L A5 LA T P AR 1 7 A
S AH G Ry, - HE AT REALARE , 3E T BOL H 3 rp 1y
HCl—Volatile—S & A4 35 .

AR 5 B B 1t b, - 8 v 45 T8 28 TE ML 7% 12 1) 30
BTN Z I T 195200, AH IS BT R WY S Rooor 12358
T H,O—S 5 pH 2 8 F A (P<<0.0D), 5
TN S0 525 EA 5 (P<<0.01), 5 EC il TC ¥4
FIEM K (P<C0.05) ; Adsorbed—S 5 NO, N &
A K (P <<0.05), HCl—Soluble—S 7E R, +
Beh 5 TS 2 B F T 58 (P <C0.05) , M FE Rog 11
5 TS 2k B2 FEAH & (P <{0.01); HCl—Vola-
tile S fE R 15 NO,~ N 2 8 fuH %
(P<C0.05), M 7E Ryor T HEH 5 NO,” —N £ I ¥ 1F
IR (P<C0.05) (& 2), i HA] 1, Roor B3 Y -
WIS ML & AL £ 82 pH EC KA FF4r (1
TN.NO;,  —N) B FEM 1 Ro Al Roger 8 Y I 3A
A TCHLR & 128452 BB R 40 (i TS.NO; — —N)

PRI T RE T O B . EA WRoE KM, pH AR fk
AETT M SO, * /W BERE 7 1 FLIA 7T 38 1 52 i 2
L5 B0 PR 0 A A 0 T T R ) 1) TR A B S B
AR EC 32 ZE5 i 5 i A RV U AT S e S E
BB LA K A S b A ) U TR £k S Ak A8 5T BE
T S AR RV T 52 RS () T 2 B 1 T A7 R H 2 T
FEAE™ . ARHFFEH  Roger 13 pH A1 EC 55T Rooes »
BEHTH SO, *™ By A WK B 125 7] REFEAIR (ED Adsorbed—S %
WAL . B EC XA HLGE 9 16 7R o] 58 7= 4 — 2 )
Hil™ . {H4EE 2b AT, Rooer 13819 Adsorbed—S
BEARKFEYHEE T Row. FEFEAEEE T . R
P S DX R AR 2 — Uk kb 2K O 3K KA B Bl AR A R T
TERN AR R TR s B i SR s b, A HLER
FEAE A HE Roooe 1118 A HEGRDY, L S 80 3
B A 2 A5 (H, O—S F1 Adsorbed—S) & & 3 i,
SR T Rooor BIEH B H, O—S 7] 8 2 65 1 2 A5
Wy 1 A S W WCR S AR LS BRI H, O—S & it
FEAE A BE RN AR KR B — HEIR (A 2a) 5 T Ad-
sorbed—S —H & (E 2b), BABFFRY LW,
AT Ml A7 R A BRI A AR R TR A R
Hb 7K S B [T S A Sk A K ok B o
B A I T R A R R e
A= W T AR E A HLER BT AL R A R AR S Ak R TR o
(RS DO RIS R TR (E I 8 B w4 A NGB 7Y 7k
B MR A7 S G A = A R 05 ), 2B b, iR A & 4 BT
SERARIESE 73X — 5,

®2 ARMCEMKREMTEREHEESLNRSHERFZ EEEXMED T

1 4 S KE fKE pH EC TC TN NH,"—N NO, —N C/N TS
H,0—S$ —0.442  0.055  0.152  0.530  —0.527 —0.309 —0.783 —0.456  0.222  0.352
Adsorbed—$ —0.259 —0.305  0.097  0.080  —0.686 —0.566 —0.727  0.194 0758  0.171
R, HCl—Soluble—$ 0.791 0403  0.632 —0.293 0.656  0.617  0.805 —0.351 —0.551 —0.823"
HCl— Volatile—$ 0.225 —0.586  0.219 —0.241  —0.200 —0.229 —0.135  0.499  0.743 —0.436
TIS —0.410  0.072  0.184  0.526  —0.498 —0.279 —0.753 —0.480  0.196  0.315
H,0—S 0.385  0.570 —0.579  0.444 0.645  0.702  0.374 0548 —0.439  0.224
Adsorbed—$ —0.603  0.107 —0.259 —0.224 —0.281 —0.343  0.451  0.329  0.509  0.188
Raoo HCl—Soluble—$ 0.233 —0.096 —0.802  0.671 0.369 —0.344  0.654 —0.175  0.668  0.920"
HCl— Volatile—S$ 0.560 —0.507  0.215  0.352 0.037  —0.272 —0.523 —0.861" 0.051  0.146
TIS 0172 0.254 —0.859"  0.579 0.471  0.039  0.710  0.251  0.336  0.736
H,0—S$ 0.690  0.015 —0.950"" 0.837°  0.821°  0.972* " 0.394  0.456 —0.736  0.506
Adsorbed—S$ —0.443  0.507  0.574 —0.417  —0.027 —0.399 —0.279 —0.876" 0.191 —0.516
Raoor HCl—Soluble—$ 0.569 —0.225 —0.505  0.365 0.106  0.485  0.234  0.775 —0.339  0.459
HCl— Volatile—$ 0.628 —0.699 —0.572  0.472  —0.045  0.350  0.320  0.912°—0.152  0.638
TIS 0.682  0.237 —0.870"  0.798 0.926° 0.988** 0.346  0.224 —0.804  0.402

WL FoR P<0.01; " R P<0.05,

B 2 A ) H o3 Hr it — 2 3R WL R, 3 HCL—
Soluble—S & #g F %42 TS.C/N.TC FI% 5 ;Y [ 52 i
(R*=1.000) 3 Rygo, + 41 HCl—Soluble—S & £ E 32
TS [R5 Wi (R* = 0.846) , HCl— Volatile—S & £ £ % %

NO,  —NHl TN (2L [E] 520 (R* = 0.954) 5 Royr 13 h
HO—S& & £ % % TN 8 8% i (R = 0. 945),
Adsorbed—SH] & it F 2 52 NO,” —N By 5 Wi (R* =
0.767), HCl—Volatile—S & & F % % NO, —N,
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NH, " —N.C/N.TC #l pH By 3:[a] 5 i (R* =1.000) (£
3). BWAHMNR, 14 H, O—S, Adsorbed—S Fil HCl-—
Volatile—S & &, Ry 13 H H, O—S F1 Adsorbed—S
Bt DL Ry 1487 HCL—Soluble—S & HHEZ AL 2%

PRI S B b TCAE o A R A D7 2 Ul W AR Al 32 B35
W F RSl BE B B k. LR SR S0 M i
H A A TR A Sy — B, B R A I B e o
FIL B ICHUGR AL AL 2 pH FIE IR B2

£33 TRAREMREMTEPERLSENRERNERFHESEER TSN

Tk b THLBIE ] )4 77 18 R? P
R, HCl—Soluble—$ y=258.996—123.5762,, —0.612zx —4.888x; +4.949x, 1.000 0
HCl—Soluble—S y=—169.167+250.041x, 0.846 0.009
Roooz HCl—Volatile—S y=12.756—2.025x5 +0.010x5 0.954 0.010
TIS y=23388.640—392.4041 0.738 0.028
H,0—S y=14.91840.313x, 0.945 0.001
Adsorbed—$ y=629.653—129.174x5 0.767 0.022
Rauor HCl— Volatile—S y=—45.025+9.661x5+0.693x; +0.028x, +0.1052; +0.417x;  1.000 0
TIS y=166.583+0.286x 0.970 0

Eexo 1t AR E ;22 &K ;238 pHsxs B ECsxs 8 TCix6 4 TNz A NHy P —Ns2s 8 NO3 —NsagH C/Nsxioh TS,

3.2 AXMREIEXIEH 1% TIS MG

AW R A RS B B L 3 i TIS
Frm o TS Ay 22.89% ~38.25% . B & = F 8% +
BERORH M Q14,7905 TR AT RE A 5 IX Y
- T2 Sy ] T G A K R T R T U A
T 1 RT3 A R b B R BV AR L ER 2R
TREZ ,MZ R K AESWE A KE R SEEE
MR EE K Ca Mg 258 719, 1ff Ca.Mg B 15
B R 6 7F 8 b 208 g L U, AT B
TIS & & = o Fifi & P 52 4 BR A% 385, 0 b + 5 1
TIS &4 DL H G TS & 5 1 i) 34 52 B A1 3 (&
3 RE AT REA 3 AN T I - — S 5 A R T LR 5R 4
(R W WS R A DG . i3 43 B AT A B A 2 ) A TR
SRR I T R4 (B 5) i H N £ 38 i iy
A RS R 5 IR 4l 2 KO B, o T BE B
TIS F AR, =& 54K E TR BUE R 7K 3¢
(R 1)1 I W= e PR os G N R R (R o ]
K AR T Rooee Ml Roger 7 0—20 em + 2 1
SO, W Hy TEBUK AT i Bk R 2R )2 1L
MRECL TIS & & 88, oAb, h TRk XA
] b F 3% 22 4 KR 25 B89 Rog, HIEH Y SO,2 KA
YR AT fig b — R PR AR 7K 5 20 Rooor B W] 2, F L5
FHTIS HFREEME 3., —BR5ESKE TES
O 3 pH AR AR Y TR B AR HE TR R £ R AR
JE B 6, AT Ry s Rooe Fl Rogor T3 pH
A FE i TIS & AR AR (R 1), M4
MroR 28 B, Rogor Fl Roooy 13810 TIS & &35 pH 2
G 2 (P <C0.05) (£ 2), BAMF55Y £,
TIS iy F %4 4 H, O—S Fl Adsorbed—S(61.0% ~
86.4%0) % pH WY& w8 K, H#& & pH A F| T
SO MR, AP AF ) FEXT = VL J5 B A I b
IR BEIE RS L B R £ B B B 3 pH Y T T

FRAR. S5 Amoe™ B, i R £ 5% 1k 16 J5 7 (SRB) X}
- MR B Ry R LR MR AE P Y . R
B IR E IR T pH A T 8.07~8.28.{H
H1 T K SCOR R 4 R 0 ¥ A e K AR AR A R
F oL £ 5 Ak 0 S B AT NI T B Y
TIS F ¥ FRAC. SCBr b A A4 g 25 2 ml 1
SRS PR A VR ) TIS S TN &%
VUM S B 45 50 (3 2~ 3% 3) IR ] 3B 43 B i 52 _F ik 43
Bro BAN BT Rooes Fl Rogor e B R K O7 20 [ L 4%
Sl Rooon R U4 AF 72 82 4 /K J7 5K, A1 45 I i 1R 46 5
i J o B AE K W1 Ab T K 4% 1R AT fig TR Dy o
ALY e R TIS SR EM K 3.

AHESE IR R W, BE G S AF R A% 3 s 0 1
M TIS fiff it 52 A8 55, HOX b BEAR 2k T
H,O—S,Adsorbed—S il HCl—Soluble—S ) 57 #k »
Hp H, O—S &l (78% ~80%) . 1fii Adsorbed—S
il HCl—Soluble—S M XM #AK (17 % ~19%) . Hiik
AT i K A2 A B 0% 3 3 b A ) o e R A B
KA R i K DL H, O—S S R
BLBRL IR 40 113X B B2 T 80T 48 TIS fifs & 1 K W7 j%
fiK. CABR FU, 5RAK 0 218 1Y) G 5 5
FE 2 It 20 1 F LAY, LR 45 b % 4 (LS D) 2
ERRGEARMEIE W EE SR, AR % X R [E AR
BRI A2 18 b 110 3 — [ e e ok R S AT R T A AR
AR RS 35 B B R RARES
MK R AT 1R DT 0] Ay i i A — 22 B 3R 4 (H
5 R AR PP A CEN AL T b I B R A L AR
22, FEMAE DL o Bl 2 10 b (%) 328 MK A2 LA B & 78
TN I B R 2 AT R 52 M - 5 v () TE LR SR
O3 N 2 B T R Z RS S RV R AN R 4
HFR e SR .
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5 34 &

»

4 i
(DR A WA R RE S T T3 &I 28T
PLBRL 5 . AR T Ros Rogee Al Rogor 0—20 em HJZHY
H, O—SE 4 B A 46.7 % F1 44.7 % , Adsorbed—S
Al HCl—Soluble—S & #7353 i 0,46, 116,00
50.1%,29.1% . 1fif HCl-—Volatile—S & ¥ Ruoe

% 8.0+ 7 Rooor B4 19.7 25,

(2) 7[R WR 52 W B I 1l - 338 v & 8 TC LR &5 i
1A K ZE 5 B A [ AR AR AIE S 33— T 18T -5 A [ 9
T AR R B S TR a3 B 45 G R DIAH OG5 o — D7 T
5 A 4ok O7 e By BB A ¥ U H 2 pHLEC
PLR BRI RO 22 A AT G

(3) Bt W 52 A7 BR 9 6 4 3 £ i TS 5 &
DAL TS & 4 1 b ] X 52 B I 355 3 b 1 05
TS fitf et 7 B K 52 4 BIR 1 o 10 g AEK T 3k o i I = 2
e T H, O—S., Adsorbed—S Fll HCl—Soluble—S
M Tk, HLL H,O—S & (78 % ~80%) ,

(4) Bt 5 BT 30 9% 328 T K O DA B g A 2% 2
FEWCHINE B B HEAT L P S - 5 b i TE LR 5%
B T ok Z RS RIS R A T AR A AR
E SR
SE K
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