5538 B 5 W S &~ £ Eild Vol.38,No.5
2018 4F 3 A ACTA ECOLOGICA SINICA Mar.,2018

DOI: 10.5846/stxb201703060374
i, INaG e, BRI 2y, T . M V] 1 25 5 S Y A 2 [ A ) - T3 R G & i AR AR AR A= 5273k ,2018,38(5) -
He T, Sun Z G,Li ] B, Gao H,Fan A L.Variations in total sulfur content in plant-soil systems of Phragmites australis and Cyperus malaccensis in the process

of their spatial expansion in the Min River estuary.Acta Ecologica Sinica,2018,38(5): -

B BREY-LERER

H}

B AAFESEMTE
EETHHE

1 A8 FE I G R BRI T, J 30 0 AT A 25 b P i A 0 7 S S S 6 3, 4R 350007
2 FEERIRIE K2 AL S TR AR, M 350007

il M&\

FEEE 2015 4F 7 H 20 UIR) 9] 1055 A2 A 25 0 o 9 A L R TR S A R O X R WIS T A R s [ i
FErP Y- R GE AR (TS) & B 25 AR (LA AE . S5 5RRW] AR MR )Z TR TS & 5 3R By S8l i > A 3 2
Ho> =R, 2% S T G PR B0 2 () JR S 1 S A I S ) B KA B A 2, T B 4 S RS L e A
7 EE BRI O 5 SRR AN AR B AR AR 0 A SO X SRR SR 0 ) S 4 S Bk TS 5 K M S S R B 2 U
W2 AR R AR OO R SR TS RS AR AR AT B RS R S O TN AR R TE R LR BGR , ME S
A Y 28 () R SUE T PR A PR e 28 B A o TCAR S, SRS T8 RS HE AT Th R AR W TG L3 e T AR
3R 25 8] 5 He BE 0 2 TR . WS R B, PR S R B s A SRR XU R, AR A (A R A R Y
BRI SRS 20 P SR M T I 5 4 PR RIS 0 M P 7 45 30 e 3 AR B 5% 20 ) SRR 1 R A S 4 g i
P72 U A b s I B s L 4 AR 3R 2 SRR BE TR LA R ) s (A

KRR B M- ARG A R R YT

Variations in total sulfur content in plant-soil systems of Phragmites australis and
Cyperus malaccensis in the process of their spatial expansion in the Min River

estuary

HE Tao', SUN Zhigao" * ,LI Jiabing’, GAO Hui' ,FAN Ailian'

1 Institute of Geography, Key Laboratory of Humid Subtropical Eco-geographical Process ( Fujian Normal University) , Minisiry of Education, Fujian Normal
University, Fuzhou 350007 , China

2 College of Environmental Science and Engineering, Fujian Normal University, Fuzhou 350007 , China

Abstract; To investigate the variation in total sulfur (TS) content in plant-soil systems of Phragmites australis and Cyperus
malaccensis in the process of their spatial expansion in Shanyutan of the Min River estuary, the P. australis marsh (PM) ,
C. malaccensis marsh (CM ), and their ecotone ( P. australis-C. malaccensis marsh, PCM) were studied in July 2015.
Results showed that the TS content in soils of different marshes were generally in the order of CM > PCM > PM and the
differences among them were primarily related to the alteration of soil texture and organic matter caused by the spatial
expansion of P. australis and C. malaccensis , which substantially influenced the S transfer and transformation processes. The

horizontal and vertical variation in TS content in the PCM soils was significantly different from those in the PM or CM
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community , and this difference was caused by the root distribution of different plants in the ecotone and their competition for
the S nutrient. The TS content in soils of the PCM was more affected by the root distribution of P. australis, and TS content
and stocks were generally higher in deep soil. The spatial expansion greatly altered the height, density, and biomass
allocation of the two plants, and although their allocation patterns of belowground biomass in the ecotone were generally
higher than those in the pure communities, P. australis exhibited a higher occupancy capacity in belowground space than
did C. malaccensis. This study determined that the space expansion of P. australis and C. malaccensis was bi-directional
and could adapt to the competitive environment by using different strategies for S uptake, accumulation, and allocation. P.
australis in the ecotone competed primarily by increasing the S accumulation capacity of its roots, whereas C. malaccensis in
the ecotone was able to resist the space expansion of P. australis by expanding in the aboveground space and increasing the

S accumulation capacity of aboveground organs.
Key Words: total sulfur; plant-soil system; spatial extension; marsh; Min River estuary
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Table 1 Ecological traits of Phragmites australis and Cyperus malaccensis in the process of their spatial expansion

FE L=k & PR R AW e
Transect Vegetational types Height/cm Density/ (#k/m?) Biomass/ ( g/m?) Root/Shoot ratio/ %
A P 197.8+24.7 a 68+10 a 2327.3+590.8 a 66.8+11.2 a

P'C 121.9+20.0 b 128+17 b 1052.8+324.4 b 82.1x3.6 a
PC’ 130.8+7.9 a 272495 a 532.2+41.3 a 136.5+12.7 a
C 106.1£12.3 a 1653+99 b 2192.9+440.1 b 76.7£16.3 b
B P 162.7+9.3 a 92+17 a 2540.2+474.3 a 74.0£14.6 a
P’C 142.9+9.1 a 144+53 b 1172.6+282.3 b 83.6.£22.1 b
PC’ 140.2+18.1 a 292493 a 667.7+94.6 a 123.7+13.6 a
C 109.5+9.2 b 1460143 b 1725.4+390.2 b 50.1£7.0 b
a, b KRl — A7 A R LB A: AR bR e AV FISC R A ) A 25 57, FREANRIFRIR Z BT P<0.05 K B 225 3. P35 (P. Australis) 5 P’

[NEEeY b b b

C. P H—R R X P FE (The P. Australis in P. Australis-C. Malaccensis) ; P'C . 7 F5—5 32 = HETE T 0 M3 45 (The C. malaccensis in

P. Australis-C. Malaccensis) ; C 53T (C. Malaccensis) .
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Fig.3 Distribution of TS ( Total Sulfur) contents in the profile of different marshes
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Table 2 Horizontal variability of total sulfur contents in soils of different marshes

P PC C
TR i cv GRS cv G cv

Soil depth/cm Contents/ Coefficient of Contents/ Coefficient of Contents/ Coefficient of
(mg/g) Variation/ % (mg/g) Variation/ % (mg/g) Variation/ %

0—10 1.95£0.31 a 15.89 2.67£0.72 b 26.97 2.53+0.48 ab 18.97

10—20 1.65+£0.40 ab 24.24 2.20£0.69 a 31.36 2.55£0.41 b 16.07

20—30 1.17£0.30 ab 25.64 1.99+0.22a 11.05 2.99+0.76 b 25.41

30—40 1.55+0.23 ab 14.83 2.78+0.46 a 16.54 3.74+0.64 b 17.11

40—50 2.32+0.36 a 15.52 3.43+0.48 b 25.65 3.91+0.64 b 16.36

50—60 3.45+0.41 a 11.88 4.21£0.83 a 19.71 3.66+0.61 a 16.67

a,b TR — 1 JZ AR M b + 3 TS (Total Sulfur) & 5 Z 8] 1922 57, A M F B3R R ZHTE P<0.05 KF LR EER; P (P
Australis) ; PC. 5 2E—R M3 L REIE O3S 557 (P. australis-C. Malaccensis) ; C. 5312 (C. Malaccensis) .

e BT ] b O [ERE L HER TS SRR A (B R R IRV AR > S R IR > A5 b (]
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3) o PHARFEAR P 2B B S A MR 0—60em )21 TS 5 fE S B R B 2 e R AR Y4 A Ak, i Jea i3 50
i 0—30em TJ2HY TS S ETE A FEa L FEUR B IE AN K H7E 30—60cm + 20 2P, 5ZAIm,
B AR A AR IR Y TS i 7E 0—40em 2 BE TR 4 i 07 ., 10 76 U8 2 1 38 o ) B0 /N R AR AR
T 2253 Wi B, P 2B IR R JE 31 1B M 0—60cm 21 TS F 8 7E AR I A e & 25 5% (P, =0.011;
P,=0.027) , LLEIMF,3 PR 0—60cm + )3 TS 1 i 1 3 FLAR 5 RECHE W AR ] 22 00 A K, Y| T 4%
AR (6 3) , AR T ACHTHT IR D A 35 PR ARRET T A N b 1 4 TS 5 i R S PRI BRI (A IR
42.43% 1 17.51% ) , T 2500 1 TS 2t (%) 1 1 AR SR 38 hn (43038 0 59.76% 1 64.90% )

®3 AEEMTETS RENEETRH

Table 3 Vertical variability of TS contents in soils of different marshes

P PC C
i GE cv Eys cv GE cv
Transect Contents/ Coefficient of Contents/ Coefficient of Contents/ Coefficient of
(mg/g) Variation/ % (mg/g) Variation/ % (mg/g) Variation/ %
A 2.07+0.88 a 42.69 2.76+0.73 ab 26.72 3.23+0.61 b 18.76
B 1.96+0.73 a 37.40 2.83+0.64 b 22.68 3.06+0.59 b 19.30

a, b FORE—HAF AR T TS SR Z R 225 A AR T RERIR ZFAE P<0.05 K B0 25

2.1.2 +HIEmEE A e/ om
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Fig.4 Distribution of S stocks in soils of different marshes
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Fig.5 TS contents in different parts of marsh plants
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x4 BHEBMTARES AFE
Table 4 AFg values in different parts of marsh plants

e A FEHT Transect B #77 Transect

Organs P P'C pC’ C P P'C PC’ C
R Root 1.38£0.37Aa  1.5320.40Aa  1.43+0.06Aa  1.61+0.33Aa  1.66£0.24Aa  1.7920.29Aa  1.35+0.28Aa  1.67+0.07Ab
2% Stem 1.48+0.31Aa  1.09£0.22Ba  1.35+0.28Aa  1.09£0.12Aa  1.79£0.38Aa  1.48+0.45Ab  1.46£0.27Aa  1.42+0.08Ab
- Leaf 2.15£0.284a  1.60£0.04Ba  1.41+0.08Aa  1.19%0.31Aa  2.06£0.43Aa  1.4020.26Ba  1.27+0.01Aa  1.22+0.29Aa
# Sheath 2.00+0.39Aa  1.19£011Ba — — 2.38£0.24Aa  1.4120.52Ba — —
SIAGIA Litter  1.89+0.29Aa  1.00£0.12Ba 1.05£0.05Aa  0.94£0.01Aa  1.63+0.39Aa  1.06£0.27Ba  1.15£0.02Aa  1.25+0.28Ab

“*”i‘%i‘iﬁufﬁiaﬁjﬂié&ﬁ, A,B FR [] — L1 A [R] 95 M A B 1 AF ¢( Accumulation Factor of sulfur) TEATETE Sac i BEVE 2 1) R E 5,
a, b RARANFEREH L RIFAREE AP Z B R 257 FREARIFR 5 1E P<0.05 /K 225 w3

3 it T sk \\#
N\i} Mm=z

30 2Tl R e 43 A g %% i
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Fig. 6  Allocation ratios of S stocks in different parts of
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Table 5 Physical and chemical properties of surface soils in different marshes

RLAREH K EC

S ain o it . e 32 AL

TS it Grain composition/% Electrical H SIKR o X
Marsh types conductivity/ b Moisture/ % :Tan/l;
<2pm 2—20pm >20pum (ms/cm) matter/ 7o
p 16.06+0.81 55.44£1.39 28.49+1.58 2.35+0.08 6.19+0.36 55.75+£7.31 5.61+0.57
pPC 15.66+3.04 64.27+1.39 20.05+6.33 2.39+0.52 5.91+0.23 55.91+13.04 5.87+0.29
C 10.08+5.89 51.82+17.24 38.09+23.14 3.79+1.06 6.05+0.09 53.17+3.66 4.76x1.19

AL T H A, B B SRR AR T AR Y 20

by i — A B S 00 G A k2 ) s A b 3 TS S AR 1Y RS G EE N 3 AR I TS At
FIFREE P AT F AT (K 6) . G5RFW, P HEBIAE—FEWS 2,5 o AEW R IEHE, 5 « fF7EW
WA, ARV TR B T 2,5 x, v, w AFTERCRIEAI G, 5« FETEBOR A OC,
AR TR AR AL S FURL A AR . BB M S — 0 2,5 x, s o FETE DT IE
FHOG, SAE a0y o, ZE W S SRR G AT R 2 IR U 4 B FK SRR A ARTR 58 — o Z, 5 o, AAFAE W e IEAH
X, T BVER IR AR . G2 A SRR — A 2,5 v, s EAE B IEARE 5 . FELE
W S B7RE DG, AT B A R SO 2 SR DL 2 AR B — T 2,5 o AAEWT R IEAR DG, 5 o AAFE T
TS, T B E TR ERROU R R . B I A SR IR S i 32 2 1 b wp (SO = 98k r 2 A 18105 7
i (y=-1.492x4+0.925, R*=0.856,P=0.008) , 15tBH 4 kr 2 A A 12 iRz 3 B A 5 i) 4398 TS & &40 A 1)
KHEN R PRI IA 85.6% , 522 AIa], 77 25 10 M IS 55 7 18 3t v JCAT A PR 7 A R, 158 I 3 T P
A TS R AZ BN AR AL s Ak 3 1] BEAZ BT IR R R (Rl & MU RUK SRR ) & 2438 B A
FHFZmR (R 6) .
3.2 AP R SRR S R

AHIGEFIA , P35 0 T A A AL R ol v R 4 1 A S R IR A 7 43 WO R AR B 4 7= A T R
Wil AFKT T2l T, S AE T v =6 2 B S 1A, e S 2 100 28 B D R R A1, D0 B =5 LA o s 1
23 (8] A i BE 7, JRL DR AT RE 2 A R T . — S PR A A RE ) S B 2 R G, AR,
SRR PRI REAE 100 % b iy 55 4 DX 300 b 26 7 R BT K BB O 1038 T B, R RT B S BOHA PR BB e ) A
551720 RS S R I A S v AR ), (E T T 3 g 2 A A ARER 25 4 0 1) e R R A R 4 BE (TG )
PEAT A K 23 TR A7 9500 A B G PR TP e VT 2 K 22 R S e A L R AR R AT A R A 5 A v
B SEBR b S R B A R 2 S R T S LA R O E SR AR O, s Il S YRRE T
TN, RS TP AR S R IR M 2E A K, PR A, M R
TS WP 1 & 2w T4 X 2 5 R TR 3 RIS R ) 22 5 A 6, T A6 Cfd , A W
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Table 6 Eigenvalues and principal components matrix

HFIE{E Eigenvalue F s
Vi b 2 Ry W ) bt &S 1157 ik 3% Principal components
it voee Comees L S e P T E—
Eigenvalue rate/ % contribution/ % 2 72

p 1 3.598 51.403 51.403 EC Electrical conductivity x1 -0.998 -0.036
2 2.656 37.936 89.339 pH x2 -0.238 0.882

3 0.588 8.839 97.738 7K Moisture 3 0.851 0.046

4 0.145 2.076 99.813 HHLBT Organic matter x4 0.154 0.988

5 0.013 0.187 100.00 HRE Clay<2pm x5 0.780 -0.545

6 1.286x1071° 1.839x10715  100.00 BHRL Silt2—20pum x6 -0.483 0.802

7 -3.987x1071¢  -5.695x107'¢  100.00 fibki Sand>20pwm x7 0.154 -0.956

PC 1 3.696 52.803 52.803 EC Electrical conductivity x1 -0.080 -0.929
2 2.491 35.580 88.382 pH x2 0.826 0.108

3 0.572 8.169 96.551 K& Moisture 23 0.102 0.975

4 0.171 2.445 98.996 FHLF Organic matter x4 0.976 0.168

5 0.070 1.004 100.00 Hiki Clay<2pm x5 0.859 0.283

6 2.011x107'¢ 2.873x107"5  100.00 HBEBL Sili2-20wm 26 0.916 -0.374

7 3.478x1071° 4.969%107'¢  100.00 AL Sand>20pm %7 -0.976 0.168

C 1 5.186 74.085 74.085 EC Electrical conductivity x1 0.942 -0.139
2 1.063 15.186 89.271 pH 22 0.024 0.988

3 0.391 5.582 94.85 KA Moisture 23 -0.929 0.172

4 0.280 3.994 98.848 AP Organic matter x4 -0.882 -0.114

5 0.081 1.152 100.00 Kk Clay<2pm x5 0.884 0.116

6 2.627x107'® 3.753x107"  100.00 Frki Sili2—20pm x6 0.948 0.077

7 -3.451x107'  -4.930x107> 100.00 ki Sand>20pm x7 -0.986 -0.094

21 RFEF— T, 22 R Ly
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A, P AT RE SR B AR R SE A L T R AR AR AT A L, 2 B A 1 A R R B X AR, S
A5 AT RE DAL R 5a 4o 32 i 38 B I s 4 1S R SRA  SCRE I ARG, 5 R[] S A X
B IS R AT B SR 0 T SR H XA, O e 38 5 4 o o i — s 1 B DR 34, T S B H b - 2%
TS SRR s, AWEFER R B, SR v S RURE I AR G L AL AR A BRI I, SRR AT g
SR A A R R AR TP R TE R G, TR IFE R FE 3R A BRI AR BE b R T s D i £
(104 2 A3 e AW ICR 43, DTG R T FG i o 4 s TRl i Xt 5 4 0 R4 AR D0 R ST R v
PSR ST Y AR A F2 A2 B R SR A BRI 1 S ol R i R B AT BB AE 35 25 E] 97 JRR T B A S ety it il 22 B
FIIERNZE o ARBIFGE R, 25 MR | 5 FE A T b DR S 3 1 4 TN 5 40 501K (1.956£0.675) me/g
(1.617+0.136) mg/g F1(1.589+0.242) mg/ g, AHXT TAURFIE I 5 , S50 H 0P 25 52 B A 7 5 BRI AR B2 o g
HiRSZ Bk A MM A IR e, PTRBIE S i T 8 b 5 0N A= Wy i o3 A 4 Jm 1) A8 A A 45 L AE 3
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