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Changes of soil carbon, nitrogen and phosphorus and stoichiometry characteristics in marsh
invaded by Spartina alterniflora. JIN Bao-shi'”>, YAN Hong-yuan’, WANG Wei-qi', ZENG
Cong-sheng'* (' School of Geographical Sciences/Ministry of Education Key Laboratory of Humid
Sub-tropical Eco-geographical Process/Research Centre of Wetlands in Subtropical Region, Fujian
Normal University, Fuzhou 350007, China; >School of Resources and Environment Science, Anging
Normal University, Anging 246133, Anhui, China) .

Abstract: To clarify the effect of invasive alien plants on ecosystem functions, soil total carbon
(TC), total carbon (TN), and total phosphorus (TP) contents were studied in the exotic invasive
plant Spartina alterniflora marsh with different durations and the native species Cyperus malaccensts
marsh in the Minjiang River estuary. The results showed that there were different variations of TC,
TN and TP at 0-50 cm soil layer in the C. malaccensis marsh invaded by S. alterniflora, but the
changes of TC and TN were similar and the change of the TP lagged behind them. Soil C/N in-
creased continually with the increase of TC. Soil TP was a key factor affecting soil C/P and N/P
during the S. alterniflora invasion, and the change of C/P and N/P followed a similar trend. The
changes of TC, TN and TP were influenced by abiotic factors such as soil salinity, bulk density,
soil water content and clay composition. C, N and P stoichiometric ratios were influenced mainly by
soil salinity and grain composition. C/N and C/P were the good indicators for soil carbon enrich-
ment ability in S. alterniflora marsh. S. alterniflora invasion induced the change of biomass and
marsh habitats. Soil carbon, nitrogen, phosphorus contents, and their ecological stoichiometric
ratios changed significantly in the C. malaccensis marsh invaded by S. alterniflora and showed diffe-
rent change characteristics with different invasion duration.

Key words: Cyperus malaccensis; nutrient element; ecological stoichiometry; invasion duration.
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ZREE. 2002 4F I BR & B AR W Fh H AE K RERE
%m] ,Jﬂﬁ}ﬁl‘ﬂlggﬁ,#5@u+§f£\ﬁ$(56irpus
triqueter) F1 1 25 ( Phragmites australis) %54~ +AHY) 5=
HEBE A, 2010 AR £ R b H A K 71 AL E 15306.9
hm' oA AESAT I R LR A A T Rk 328
AR RE 22— , A A A £ A0 Y0 3B ) A o T R
3, R0 [ YT 30] 1138 A A ) 2 REE AR S R G
Tifig.
1.2 Rt

3% 2006 4F i 7S 544 2010 4 SPOTS Fil
2014 4F Landsat 8 TR AT G i R E 3 1
AR E A KRB AT L SR 5 R GIS 25 (8] 43 B )
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(SA,) F1 8~ 12 4 (SA,) 3 N [F A A AZ BT[] )5 471,
TEMCEERE b, T 2014 4F 11 J #E4F GPS 7 i fo i 1
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Tii] A5 A B ) T A 2K T 0 b AN AS - AL S 5 A
Hu(CM) F3 A At (B 1) .4 AR I AR 5
AT, MM RIEZK SCAAE—30, TR ARIE PR X A
FIR R 2 R0 A PR A K BRE e AR AT A
PRSI AR M B AL 3 S HURE A
(FESHIEZ) 20 m) , R 80 em , A% 10 em B
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SEIRNE > BN S A 2, BRSO E B IR [ 52
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Fig.1 Study area and sampling sites.

CM; %M1 =18 Hb Cyperus malaccensis marshy SA, : AR 0~4 4EH AL
KR Spartina alterniflora marsh for 0-4 years; SA, A7 4~8 4F
HAEKFNRH S. alterniflora marsh for 4-8 years; SA;: AfZ 8~12 4
HACKFIR M S, alterniflora marsh for 8- 12 years. T [f] The same
below. T : RFE & Sampling site; 1. K3 Dam; M. #i 4 Tidal
creek; IV . FERL Scirpus triqueter; V . P Phragmites australis.
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logies Inc, 3 [E) JE A 2 38 i § 3R | DAL RAE £
BRI s R E I IIENE | S K BRIk
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T2, I R ERL (<2 pm) KPR (2~20 pm) A
BPRL(>20 pm) . 3R (TC) FLE A (TN) fi FH %
AICE L ( Vario EL CN, 5[ il 52 , B (TP)
R0 IR - e AR it I >R T 301 3% 22 73 H A ( Skalar
San™", fuf =% ) P XE.
1.4 s

BT ArcGIS BRPF AT 8 A i 1 S FE B 1Y
Tl , >R Excel 2003 Fil Origin 8.0 F4: % 8l 4 7
GEi T o FIVE LR SPSS 17.0 B SR 3y 24
M1 (one-way ANOVA) Flldze/N i 3 22 792 (LSD)
HEAT AN [R)RE Ml 84 AR DR 1 ) 1) 2 S 0 PR AG
(a=0.05) ,RHMHEF 25387 (two-way ANOVA)
X H AL AR A BN - EUR BE 152 kA T Il 2k
Ki 5 (=0.05) , F Pearson 15X ik Rk & & it &
SRR S B IR R AT AR O 20 A TR 2 v e
A AR R

2 HRENH

2.1 HHERAEPE AL

MR 1 FoR, HALKF AR 8~12 4F 1 4% pH (H
TR, RIS A AR 4~ 8 4530 i
FT G 33.2% FIFEAR 9.3%. & K B AE AR5 il B 3
B AR 0~4 4~8 F 8~ 12 4R IR 7 6.4% |
10.3%F1 11.5%. 45 F b 4 e 20 B 3222 DU b ok 32
(>70.1%) , HACK T ARG 5 0k 8 2 R,k
AU E A TR E IR
R1 BHEM0~50 cm +EHEELER

251

B
Total carbon (g * kg™)
S

—
W
T

BA

Total nitrogen (g * kg™ )

BB

Total phosphorus (g * kg™)

10~20 20~30 30~40
+ )2 Soil layer (cm)

2 HAERFAMR TR e A B
Fig.2 Soil C, N and P contents in the Cyperus malaccensis
marsh invaded by Spartina alterniflora.
[f—+JZARR /NG PR R AL PR E] 22 53 8. 3% (P<0.05) Different
small letters in the same soil layer indicated significant difference among
treatments at 0.05 level. T [H] The same below.
2.2 hBHEmR A BRI

WA 2 s, BAEK ARG BTG 0~ 10 em
)2 HHE TC S A 0 F U, HLBE AR I 8] 3E 4 45
LR, AR 0~4 4 ~8 I 8~ 12 4F H ALK HIE HuAH
X TR AR M 0 12.3% (17.3%F127.2%.
10 em LAF H2EHBR T 40~50 em +)2 5 TC 7EA
I (0~ 44F) A /MR T BEAN AR & 2R ALK

Table 1 Soil physicochemical properties at the 0—50 cm layer at plots

o ot K Wi T B Bk B
Plot Water content Salinity Bulk density Sand Silt Clay
(%) (mS -+ em™) (g-cm’s) (%) (%) (%)
CM 6.44+1.19b 97.9+4.7a 4.22+2.21a 0.74+0.23b 18.5+1.6b 70.3+4.9a 11.2+1.7a
SA, 6.28+0.11b 104.2+6.6b 4.15+0.33a 0.79+0.08b 17.8+1.4b 70.1+3.3a 12.2+1.6a
SA, 6.32+0.13b 107.8+6.8b 5.62+0.42b 0.69+0.02a 11.1£0.8a 75.1+2.3a 13.8+2.5a
SA; 6.09+0.06a 109.2+5.1b 5.77+0.14b 0.70+0.05a 10.2+£0.9a 72.7+2.9a 17.1£2.9b

[RIFAR ) /INEG F 1 2R 22 5 1.3 (P<0.05) Different small letters in the same column indicated significant difference at 0.05 level.
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6.1%F1 8.5% , H B AAZ B [A] ST R F 23 i

RZ LI TP EAT AR AR 34 W 235 n, A
1R 0~4 4~8 Fl 8~ 12 4F H £ K B iy AH X J i
FEHIR H 2> BB 8.9% . 14.0% F1 20.3% 510 ~ 20
em 12 T TP 7E AR WI/NIEIE N, 7EA 1R 4 4F
S5 B (12.1%) 520 ~ 50 em N4 2 TP 76 AR
WA I R, HorP 20~30 em TETEASR 4 4E
JEA BTN, 30~40 m + 2 7EAR 8 4FJ5 A K b
(B R B, 40~50 em +JE TP —EART
A )R ARV 4 45 53 5 3 AR

R2 BEBMSERESUFHEERHNEARSTEZSHT

11.4%F1 11.1% , A= 8 4F 5 AA B hn.

2 R, ARAERR | 38R DL P 28 H
FERIXE TC A1 TN 272 Az B 3 52, 1fi TP B 3%
JE R AARAEBR 53] 8 2 722 Ak, (H WG 35 1) 38 BAE X
HOWA W E R 43 A BTG FE ML 3 BT R AR B
RPERBL(E 3) ,TC 5 TN BYAHE R A= X 0.925,
PH 2R EWLIEUSG KR, NRERE LT 2
AL TP 5 TC TN Z B I AH 2 R BURAIG, (BB A7
FE S IEA G N TE R AES M RE LB aiE,
TP f7Z22 AL 5 T TC A TN, XAl fES C M N 2 F
BLE ) 25 AP Bl A K.

2.3 AN R AERE

WK 4 frs, BACKE ARG 158 C/NTE 0~
50 em £ )Z B FFEEIG TN, H A RAE PR R 0 i 3
Al (3 2) JEM TR AAR 0~4 4~8 Fl 8~
12 FEH A K FIRH 38 C/N 350 9.88 ~ 11.19
10.50~11.67 ,10.90 ~ 11.98 #1 10.90 ~ 11.98 , #J{# 43
o4 10.69 ,11.07 [ 11.25 1 11.49, 25 53 2 K053 51 A
3.3% 3.6% 2.4% 1 1.8%.C/P 7E 0~20 ecm + )2+
ZEHEN 1M 20 em DL SR FEAR 8 AEFIRRLL I 3
Hahn, B B AR S S AR AR 0~ 4 4~ 8 FlI
8~ 124E T AE K HL IR + 3 C/P 439N 21.29 ~
29.73.13.57~36.20 . 18.41 ~42.33 Fil 15.94 ~28.03,
YIE 5 923,94 25.37 27.11H126.54 , 75 5 25

Table 2 Two-away ANOVA of C, N and P contents and stoichiometric ratios ( F value)

df TC TN TP C/N C/P N/P
AZHBR Invasion duration (Y) 3 27.78* * 10.16* * 3.01" 19.29* * 4.81%* 5.73**
IR SE Soil depth (D) 4 12.53** 1.41*" 7.62%* 1.04 1.08 3.61*
YD 12 4.75% % 397" 1.85 1.48 1.59 1.70
* P<0.05; * * P<0.01. “FIA] The same below.
191 09 09
°
181 ° ° .
— y=0.0804x+0.161 'F;; 08k »=0.0218x+0.2864 T':D 08k y=0.5426x+1.1637
' 17| R=0.86" 2081 Rog20” . 2081 R .
o &0 &0
~ 16
K g # 8 g
" én sk i % 0.7 % 0.7
g - 2 2
3. & £
o 14 8 L 8
= ﬁ 0.6 ﬁ 0.6
131
L[] ) L] °

12 R
13 14 15 16 17 18 19 20
J&. Tk Total carbon (g * kg™)

B3

05 L
13 14 15 16 17 18 19 20
J&. B¢ Total carbon (g - kg™)

HAEARFEAAR RIS e R B R [ 5 A3

05 L
12 13 14 15 16 1.7 18 19
J&. & Total nitrogen (g * kg™)

Fig.3 Regression analysis of soil TC, TN and TP contents in the Cyperus malaccensis invaded by Spartina alterniflora.

* * P<0.01.
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Table 3 Correlation coefficients of TC, TN, TP contents and stoichiometric ratios with soil physicochemical properties

TC TN TP C/N c/p N/P
pH -0.267" -0.224 -0.047 -0.345% -0.124 -0.064
ER% Salinity 0.314* 0.431** 0.217 0.279* -0.292°* -0.047
257 Bulk density -0.386" * -0.421** -0.296 * 0.062 -0.039 -0.054
57K & Moisture 0.362* * 0.358** 0.330* * 0.016 -0.086 -0.091
b Sand -0.260 * -0.192 -0.256 " -0.207 0.430* * 0.386" *
Bk Silt -0.184 -0.141 0.313* -0.136 -0.432% " -0.402* *
FiFL Clay 0.380* * 0.267* 0.004 0.332** -0.269 * -0.202
C/N 0.288 * -0.095 0.054 0.138 -0.052
C/P 0.183 0.135 -0.793* * 0.138 0.982* *
N/P 0.131 0.156 -0.807 * * -0.052 0.982* *
T4 FRSEEERE
Table 4 Load matrix of principal component analysis
F S Dy & pH hE AE K bk g FhL
Component Contribution (%) Salinity Bulk density Moisture Sand Silt Clay
1 42.0 -0.373 0.790 -0.746 0.826 -0.231 -0.255 0.275
2 37.2 0.047 0.163 -0.389 0.369 0.768 0.893 -0.950
3 9.7 0.788 0.437 0.050 0.008 0.141 -0.153 0.084
B3r ocMm S 9.9% 22.5% 26.5% %1 14.3%.N/P 7E 0~20
SA,
Egﬁﬁ em I/ NEEIIT, AR 4 4E IS AR, HoA A 2
W SA,
2t : 15 C/P HAR—F, Je B FER i, Az 8 5 H ik
z B HEFEAR MR AL 0~4 .4 ~8 1 8~12
nt AEH A K FNEH 1+ HE N/P 430 1.96~2.74 1.41 ~
3.76 .2.13 ~4.68 F12.08 ~2.74, ¥I{H /3 5 H 2.24
0 2.29 2.40 f12.31, 2R ZE 5754 10.4% 21.7% .
2 25.1%F01 8.7%. LAk B, H ALK AAZ WA 45 4=
BAFHRFEFR (C/N C/P N/P) 728 AL I A W7
8| K, A8 5 RFORWE N, (B 25 AR B[R] E 1
8 FSUFUW/N, FLAEARE 8 AFJFHEAR 5 56 T 4 A
ul a abd :‘IE
2.4 MEMESH
. Wk 3 P, TC.TN ¥ 5 L HEEh BE 45 5K
281 iw BRI EA G, TC 5 pH {E R gH Al 5 i 3%
. AHIE, T TP S5 F/KE Wk R g A k.
ol b ° C/N 5t 3 pH {8 4R B 5 B H I, C/P K
Soalal me I ARG B I, N/P VR kL5
. A b o
b1 aae? a B L, e C N P A R )
22} R A A KR AR B s T e AT =2 (R
T LAY S5 i R 2 - gk B ROk AR 2 . 1
2.0 . . . .

10~20 20~30 30~40
+ 2 Soil layer (cm)

40~50

4 HAERFCA RS R M C/NLC/P N/P
B
Fig.4 Changes of soil C/N, C/P and N/P in the Cyperus

malaccensis marsh invaded by Spartina alterniflora.

Hb,C NP K Hot s 48 bR Z A W A7 76— B AH G
PE,C/N 5 TC & 5 3 EAHSE, M C/P Fl N/P
Y15 TP B B F AL, H C/P Ml N/P 1748 B3 1E
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FIT TR (3R 4) WoRHT 3 A E R
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WRBE ST BLAN, th T SR P 5% A UH 38 R /MBS i A
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AWVFFUESE, 3 C 1y R FRFEAR R B - 3l
& N P, e A2 B0 0 A R] A A8 AL B 0 A
AL UESE T X — 5 (B 2) fHE, 7EA W)
WRZE NSRBI TR RIS, X REEH T
AEARRE A KT EWRICE Y5, B N AP & e
YA o B R DL A BRI T 2R B AR A R
BT AR R B AE 0~20 em 12 1M
HAEK AR RS HAE 0~50 em + 2 R AHET,
ANROIAEE L HE N B A AR, L3 A 35 bk
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THYWAAEAF DU Z 0 N & 2 B R .

X—MRTE P &ML ERABE N
(E2), i FREREY B AR P TR ER
K2 SEE TR Y P i, R
40~50 cm IKJZ P &8 — BT A S
LA R L, BACK R 1 P SRR Tk

WE[RIES N P 455 FR U R AEAR AR AR B R AR,
APAREL3E Ik U8 Y )RR 2R A% 1R S Il U9 1 T AR
Hh PR IHOAA) A TR 2 A R A AT AR ) 22 ) S i AR
LRAGEER , Fh T H A8 K S M - 3 b S v A B
HZPRARITIL, ARG I T 38 N AP
AN, TR AT Y o R R IR Y
FEW AR IR R B DTUE S ME R T B
2R, H P 23T [ BRI AR R g N
FTARZE P &R ARG BV HRLE 35 38 i
RHIE.

4 C NP AR b8 32 210 b A= 55 AR 1 5
U BN T A AR /S TR i 5 S V7 S B o S . )
AR Y AP BT (35 3) , H 3 A R Y OE K
B Z N TERRZE R, 5 AW 5T 45 e 476 —
FEFYFA TR FIAS ] 22 b >0 DR A i IO AH DG AL
PR 5T.
3.2 hMERR A B SR R AR

W) VL3 92 4 43 C/P>C/N>N/P, SEH4{E 5
WA 22.52 11,11 1 2,38, 4% T4 [ 18 0 5 45
245.22 18.22 i1 13.60"7"" | 1% 3¢ BH + 3 A AL 8 5
R S , A HLR SHEE 56 R, B A% Y
C/N/P AR 200 171 950 i 5 71350 PR 45 (1] 1 1835 %
JCE A BT BEHE NI ER . C/N Al kR R A HL
SRR TR 3B H N A > 12 IR HLY, i <8 A ifE
BAPY Y ABF5Eh C/N 2046 5284k =0 Bl U
By AT 3 HILIST A R R B R 3 5 A F
FEEE R — O A TRV, RN A &
) C/N, HEAEK B AR (45.11) B UG T2
(26.80) KAFZ " — Ik Ry, B C/N WMV P HL
A BRI R R, B AEK ARG @ A AL
Pytin ANAS VB0 0 b, - A LT R IR BEAR T A AL
Yoy R 5 I R A, 7 HE C/N ORI N Y i
e SRS R 2 2] N BRI AR o it
FRAKG SR , e B b i & R I, 5 i
158 C/N Frg b 38, M o, C/N 5
TC FEE R EFIEME(EI) .

C/P FIN/P ¥ 5 TP 2 W EAAE, M5 TC,
TN JC 4 A O, Ui AR AL =22 8] P & & 1)
S, 32 C N Fr AL sg AR R P
HAAKF AR 1 C/P i N/P A8 40 1) G
. BARK FRREAE Y sk i B X SR 0 FE N A
P AT SRASHERE T, 1 C ARSI B, S8 C/P REsk
i C/P it — 2B R R G A
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