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T HIRFE s, 752 K40-100 emIERE S, 4087 LR A2 FLER(TOC) . FURA FLIR(POC) LA K T 1% A HLi(DOC)
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Effects of Spartina alterniflora invasion on soil organic carbon composition of mangrove wet-
land in Zhangjiang River Estuary
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Abstract

Aims The composition of soil organic carbon has been changed significantly in mangrove ecosystems due to the
invasion of Spartina alterniflora in recent years. However, few studies were reported on functional groups of soil
organic carbon in the two communities. The object of this study was to understand the differences in soil carbon
pool and organic carbon functional group characteristics in mangrove community and S alterniflora community
of Zhangjiang Mangrove Nature Reserve in Fujian Province.

Methods We used the method of “space for time” to study the changes of soil carbon composition following the
invasion of S. alterniflora. Three transects were selected from landward to seaward in the wetland of Zhangjiang
Mangrove Nature Reserve in Fujian Province, with three sampling sites in each transect: mangrove community
(MC), transitional community (TC), and S alterniflora community (SC). We sampled three plots in each site for
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replicates. Soil samples from five soil layers at 0—100 cm were collected to analyze the characteristics of total or-
ganic carbon (TOC), particulate organic carbon (POC) and dissolve organic carbon (DOC). Nuclear magnetic re-
sonance (NMR) spectroscopy was used to analyze the functional group characteristics for surface (0—15 cm) and
deep layers (75-100 cm).

Important findings We found that: (1) soil organic carbon decreased from MC to SC, with TOC and POC fol-
lowing the pattern of MC > TC > SC. However, the DOC did not show a clear trend. (2) The functional groups of
soil organic carbon in all vegetation types were mainly alkyl carbon and alkoxy carbon, followed by aromatic
carbon and carbonyl carbon. In the surface soil 0—15 cm, the alkyl carbon and alkoxy carbon showed an increas-
ing trend from MC to SC. The aromatic carbon and phenolic carbon decreased from MC to SC. In the deep layer
of 75-100 cm soil, however, soil organic carbon composition showed no significant difference among the three
communities. (3) In the surface 0—15 c¢m soil, alkyl carbon/alkoxy carbon showed the following pattern: SC > MC
> TC; SC has the least aromaticity; hydrophobic carbon/hydrophilic carbon showed no significant difference; ali-
phatic carbon/aromatic carbon showed larger values in SC than in MC and TC. At the depth of 75—-100 cm, there
were no significant differences for all the ratios. In summary, the carbon storage of MC was higher than that of
SC. The decomposition rate of soil organic carbon of SC in surface soil layer was higher than that of MC, indicat-
ing more complex organic carbon in MC. The deep layer carbon pool was more stable and less affected by vegeta-
tion type. The results indicated that S. alterniflora would reduce soil carbon storage after invading mangroves, as
well as changing the composition of soil organic carbon functional groups. The molecular structure of soil organic
carbon in SC was simpler than MC, and the degree of decomposition was greater in SC than MC.

Key words Spartina alterniflora; mangrove; organic carbon functional group; nuclear magnetic resonance

Sun HM, Jiang J, Cui LN, Zhang SF, Zhang JC (2018). Effects of Spartina alterniflora invasion on soil organic carbon composition
of mangrove wetland in Zhangjiang River Estuary. Chinese Journal of Plant Ecology, 42, 774-784. DOI: 10.17521/cjpe.2018.0104

TR AE S RA MBI S R IT 102 F<
BB 9 ) % 5 ) B Cai, 2011; Mcleod et al., 2011;
Doughty et al., 2016; i RE5E, 2016). 1EHN“HEHK”
() EE BEAH G Ay, R LRI AR . R R AN R
A7 KB IR, B W 1 AR . LRSS
RARETNERANHRNES RS, AKTHH
AT 2 ) [P It AE S A, A AR SR Y [ Bk RE 0 A&
5 A0 R S B 77, FA LA B0 A Rk
¥ fif A & 52 W (Bouillon et al., 2008; Alongi,
2014). #RT H 19794F H.{£ K B (Spartina alterniflora)
SRR R E R 2 f5, R BT s L
N, RN AR A W s, LA S RS
ThRESZ 2 ™ B 4, T 33em e 4 iR A B 35 R AL
(FKFIEF, 2013; BEECAIGKTF I, 2014). i Hh 13575k
Vi 55 R 7 2 R T DL R AE S RS AE e R BRI
FH M (Ouyang et al., 2016), HEYNIR T B @
A A )i DA R 3k R U SR s R3S R G T
PEIF TR (Ehrenfeld, 2010). 5T HAE KB ARV #
R M I RIF FOT AR O RS, A2 AR
HARMAS RG M A I LN BT EES RS
T it e R0 R /M PR . G 7 BV S5 (2008) PRI A Fi 45
REW, EEIKENRARKRAES RFE30F )T,
21 PR AE S R 48 L IRR /0 0.4-0.8 t-km°, I

R AE 1 T B, AW TR, RV E R H A
KEHME020 cmEBZ L, EBENRIE. 3E. 54
B 120FFEHLN 58 - 438 H WU 2 53 UL S oA, RILE
KL NAR AT LR 25 2038 3380 BLAR 40 73 (£ 1
&, 2013). X LR AR AR R H IR E (AR AL,
H IR0 78 B2 45020 emff K2 13, X
T-0-100 cmi# FE T 38 hx KB A HE . TR 2
T S5RELEDE, R AR ER, B
BNASEIAIEFE DA KX Hh FEER 55 [ 0 37 15,4 AS [ (1 L
i, 3 b i 3R 2 BIR R 1) % S R T 2
(Fontaine et al., 2007; Rumpel & Kogel-Knabner,
2011). HINRZE LA S 2w, (H2 KER
AHUBRAEAATEIRE T, IR )E R LR i 17
B 1 A4S 235 BT I 0F 78(Wang et al., 2004). [t
W TR J2 8 b A MUK ZH 53 S 5 AR T
fife - 3 [ e LA A B 2 0 S
458G LB 72 42 3K B K 1) Bk FE (Fontaine et
al., 2007; Schmidt et al., 2011). A HLERZER M. 5
A DA K i A7 7T DA I KA HR (1R P52 3 T R el 4 Bk
SAEARRE AR, H A S Ae e R — B Rt
FLIH 02 A % (Albaladejo et al., 2013). H FfH3EA
MUl e LA B DA A WL (14 ] e HL 22
WIE, AR AE RS E AL (Sollins et al., 1996; X
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WomaE, 2007). FHFCANIE, KT HEAKES LR
REE V& 1) g8 R AR e WL B R =, b
AW IR A WU T BE ] 5 B A B4R
R E ML L IEA HLERAZ B A R 0 B BE 120 Ak
MI(ZELFEE, 2011). B R Ta e a5tk
) JET- B8R 7 Bl(Mikutta et al., 2006). AS[FIFE RE
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HRESCHR(ERIZE, 2013; EFFEE, 2017), SR04
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L N oy S e Sl £ O N [ - 3 1 w5 R =
RE A G5 M RRIE 2 AT, DA T 8 BAE KR NAR S - 18
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F (Aegiceras corniculatum MR S5 134N R, LA LR
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Fig. 1 The location of study area and sampling sites. MC,
mangrove community; SC, Spartina alterniflora community;
TC, Kandelia obovata-S. alterniflora transitional community.
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5t FIEW, FREEVAk S FHHFE AR . DL EAD IR
JLEE IR, FRIRIF MR E R B1-4IK1 h, 5F
5-7UR12 h, H8IK24 ho i AbHE5E RS B0 Y
A IRk B 0 FH 288 7K e DA 25 3L b 5% B B HF R
W, #AEWMT: BB A0 mLAMK, K
10 min, 25.0>10 min (3 000 rmin"), I FiEH/E
Ak 5 G D BRAR B 0 A R AR TR R AT
40 CHIBAE FHHT, 1260 H 5 5 T8 T RA74r
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Fig. 2 Total organic carbon (TOC) content at different soil
depths (mean + SD). Different capital letters indicate significant
differences in different soil layers of the same vegetation type
(p < 0.05); and different lowercase letters indicate significant
differences in different vegetation types of the same soil layer
(p < 0.05). MC, mangrove community; SC, Spartina al-
terniflora community; TC, Kandelia obovata-S alterniflora
transitional community.
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L IR PRS E L RRE S REA W R TJ5 Z2 0 i

Tablel Two-way analysis of variance for total organic carbon content in vegetation types and soil depth

R Source of effects SEJ7FL Sum of squares (SS)  HHIE df.  ¥J77 Mean square (MS) F p

+2ERE Soil depth 853.659 4 213.415 34.747 <0.001
TE#IA Vegetation type 521.694 2 260.847 42.470 <0.001
R Soil depth x Vegetation type 136912 8 17.114 2.786 0.008

2 BURLA NGRS R R R S A ST AW T T 220

Table2 Two-way analysis of variance for particulate organic carbon content in vegetation types and soil depth

BRL Source of effects *FJ5 A1 Sum of squares (SS) H R df. Y75 Mean square (MS) F p

L E#E Soil depth 961.322 4 240.330 525.104 <0.001
TR Vegetation type 440.351 3 146.784 320.711 <0.001
LJEIRE A Soil depth x Vegetation type 118.343 8 14.793 32.321 <0.001

1E75-100 cmkh . SC#% +ZE 2 (B Z RN, BREN
®Z 1233 gkg!, & /NME N T5-100 cm [H)
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T ZSCH R T TC . B AHA R A POCE & fif L )21k
P 1SN
23 AEEHEEZETTEDOCREER
TR TEA MU TR ERVA R T K, JEHARE
1$0.45 umIEMERI S BRANY, A CHEMAEY R

181 Ag FAMC
A 16+ B TC
&9 141 P msc
2 10l

S 6r

& 4}

o 2t
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="

+Z%E Soil depth (cm)

E3 %t )= - HEROR A HLIK (POC) & i (<1 24 18 A vHE i
%) NRIKRGFRRIR F — SRR R -2 ) 22 7 B,
ARG FRER IR — R A R R R ] 2 R (p <
0.05). MC, ZLB#RHETE; SC, HALKFLRVE; TC, Bfi- AL
KB .

Fig. 3 Particulate organic carbon (POC) content at different
soil depths (mean + SD). Different capital letters indicate
significant differences in different soil layers of the same vege-
tation type (p < 0.05); and different lowercase letters indicate
significant differences in different vegetation types of the same
soil layer (p < 0.05). MC, mangrove community; SC, Spartina
alterniflora community; TC, Kandelia obovata-S. alterniflora
transitional community.
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(RS, & I A P mT B R i — - e
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MC 5 SCHIDOC % & 3535 A R I H B 2 1 Bk ka3,
TCH D%, &% +ERDOCH &% FE K(E3),
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BT 05 %, 2007) FTik, fEREEEBRILIR X Y, Al AE
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Fig. 4 Dissolved organic carbon (DOC) content at different
soil depths (mean + SD). Different capital letters indicate sig-
nificant differences in different soil layers of the same vegeta-
tion type (p < 0.05); and different lowercase letters indicate
significant differences in different vegetation types of the same
soil layer (p < 0.05). MC, mangrove community; SC, Spartina
alterniflora community; TC, Kandelia obovata-S. alterniflora
transitional community.
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Table3 Two-way analysis of variance for dissolved organic carbon content in forest types and soil depth

38 Source of effects SEJ5 A Sum of squares (SS) A df. )77 Mean square (MS) F p
+ 2R Soil depth 19 929.215 4 4982.304 13.063 <0.001
T IA Vegetation type 24 698.588 2 12 349.294 32.379 <0.001
+JZIRE AR Soil depth x Vegetation type 19 651.572 8 2 456.446 6.441 <0.001
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Fig. 5 Nuclear magnetic resonance spectra of three vegetation types at different soil depths. T1, T2 and T3 are three transect lines of
S alterniflora community, transitional community and mangrove community, respectively.
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R A ME THE, Ao 2T,

2 I C s/ BE 5 Cas100 ELAE S BR T W) i fe FE AL R
EE‘J%&% EO—lS Cmi)%, i}?%co.ﬁ/ﬁﬁ/f\czxs.loott
HEILNSC > MC > TC, HMCHSCZ M % FA &
&, I AR AR AR, RO R 5E Ay
R REYE; 7E75-100 et )2, & BRI R A LB
EXF

75 75 £ (C110-165/Co-165%100%), 7£0-15 em+ )2,
FiEERIASCHE /DN, MCHTCER & % 7, 1&
75-100 cm L2, FFEFEASHEPE LR T LEE
FE 5t

VSR Y e Y WA I SR a2 L )
SRIKIK, Bi/KCEEIKC = (Coas + Ciioa6s)/(Casiro +
Ciesa10)e MERZEGHZ L, BKBRASE KB
HIDEA RN EEZE R, SCEMCHAE Z 5l E 5

g %% Co.t10/ 75 B Crig16s5, fEO0-15emt )2, %t
fHFRINSC > TC > MC, SCHE 2 KT oA 9 e i 4
B, MCHTCEREZER; 7£75-100 cem L2, %
EREYRTE SN
3 i
31 ARE#WEBETHIERIKRESR

HACKERVE N RBIRI Y 5, SB#HER
A HE A £ % (Suaeda salsa)dR e T i LL HLAE K
EORMABIE R IA S RS, RE DA VRS
R EHEINIET0%, HBEE NIRRT Sk
IS, 2011). [, BAEKEMNERTRESINE
RIS KRG 2L R . A, FFRE
BHTE HARK B NAR ZLR MRV IR 4047 J5, T g8
HEUR/A40 t Chm 2, BT HACKE Ay R B
T LMK, (Rl B AR KBS NAR LR AR JE ] B2

R4 AFE A LR E s L)

PREPMRAETS RGeS FE ) 1B (Kelleway et al.,
2015).

AT IR TOCH &t b 1 2 8 58 2 38 0,
EF—+ )2, HETOCHERINMC > TC > SC,
5 I ERSE(2017) 1 i) ZR V2 00 1 £0 AR AR (1) Bt 98 45 2R
—H. SCHITOCH & i &K T HoAh Py A 282
FrHEZHTOCEEEREE.

WA LR CREARAES3-2 000 umZ [8)), 3% 4
& XN G A o SR A WU AL 5y, FoJ8 T 1)
Fili B T 2 A Sy - S8 S i T R R R 1D =), AR
FRFERE b n] DA SR RAE 1R & &, /2 AL
TR 28 DA K e v R 2 28 S EE L AR o 72 /UM
O SE IR R AR 264 R, A2 LA L
B EZRYR . AR AR MR B R A OAS TR), l
ST HAEDRAE L RSB, St
[ BNt 50 T S AR MR TR IR o R R
(Wynn et al., 2006; #/38)5%, 2007). TPOCHI 7> fi#
IR P R RE R AR AR AE AR i, TR AN [ A 2
Y T 5 e R AT ALK 1Y & 5 2 A (Tiessen &
Stewart, 1983).

ARHIF RSN [FIRE 4 7 5 T T 3EPOCI AR LA 72
K, MMCEISC, BRif Lok & =A I B ZE R,
HAEKEPOCHE BAE % T 248 5 2K T 20 MMV,
HES®BK, BEELHEKEPOCE &M M, H
2% TESEHMMK, SMEARTRES, SHER
£5(2016) 5% T 1L 11 R FH AR L R A LB 2H 23 AT
FHPOCHEF 45 R —5 . MCHTCER AN & &
m T EARKE, HEE - BRERNERAHE, a8
MPOCH & 23 T HAL PR Fh i bl 2521

AL A HUBR d7 S A BB LR /DS, H T3
e RHEA LT A RIS BRI 5y, IR G W AE D)

Table4 The ratios of soil organic carbon functional groups for different vegetation types

THEREE MBCEA BEBR N-GeSRR  beSRR  AEEEBR O OSERR EMERR BRERR BORERR OSEE BUKBRAEKER  RRERR T E R
Soil depth Vegetation Alkyl C N-alkyl C O-alkyl di-O-alkyl Aromatic Phenolic Carbonyl Ji48 /% Aromaticity Hydrophobic/ Aliphatic/
type C C C C C A/O-A hydrophilic C aromatic C
0-15cm  MC 0.199 6™ 0.0729* 02165" 0.1080 0.1723" 0.0911* 0.1397* 0.503 0 0.3065" 0.862 9* 22697
0-15cm  TC 0.1572" 0.0800° 0.2600° 0.1185" 0.1858" 0.0841° 0.1143" 03436 0.304 8" 0.746 0" 2.281 8°
0-15cm  SC 0.2403" 0.0837° 0.2349" 0.0958" 0.1575° 0.0656" 0.1223" 0.6026° 0.2547° 0.867 3 2.941 0
75-100 cm MC 0.2346" 0.076 5* 0.2289" 0.0853" 0.1569" 0.0680" 0.1498" 0.6282° 0.264 1 0.855 8* 2.892 9
75-100 cm TC 0.2704* 0.0887° 02137 0.0779* 0.1500° 0.0613" 0.138 1* 0.7104* 0.246 0" 0.930 2* 3.1612°
75-100 cm SC 0.2169" 0.0783" 0.2202" 0.0822° 0.1709" 0.0714" 0.1600° 0.5847* 0.288 6" 0.854 6" 2.502 5°

SC. TC. MCH AN EAKEREVE . B -FLAEK I I s AN LA AR

SC, TC, and MC represent S, alterniflora community, transitional community and mangrove community, respectively.
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FIH, D2 A ML 3 06 3 B 4 4 (R IRUSE 4%,
2002). DOCE#Z 5 AV A2, o+
BRI AE Ak + 3 UK (Coleman et al., 2017), H
F RGN, O F 3 1) B A I AR RN
SERBREIR ORI FE S VAR WL S B S e
POPERR . R R AR B 7 75 B DL R R 7 205 &
ANERIRIITIEEREZ G BV KRR, AR
DOC# 7 2 FR K.

AH 5 DOC & B VE I 7209279 mg-L ™' 2 [,
5LinnfIDoran (1984)I\ NTEFRIK TIEHDOCHE &
— AL 200 mg LGB, ATRER T A
WA AR A S RGURIEREH A S RS, BT
BRI 12 8)), T 5 8T 1 Re 1B,
FIHMTRIARAE RS R G0 DL HAC K BV AR B 1 [ B
RE )03 m T AR R AR AE S R, WE1ER
DA S 53 i IDOC # &t 4 i T A R B pk AR 35
ARG AWFFN T ILIR ERIR I B AR OK B 5%
(Suaeda glauca). =5 (Phragmites communis)f) 3%
ANV 5y, R B EACK RN SR A N 12 5235 18 n
TKVEMEA WL (Yang et al., 2013). AHFFTIAN
DOCH &K 1 2 VR BER I T B, 4R, DOC
15 BRI AR, A R ERAK (Gregorich et al., 1991).
KRB TR AR, BRIV S B AR K
BRI AT A LB A B R B R AR
&, R A RSB, 1E75-100 e A 1
. AERE— 12, B30-50 cmib, oAl E#EILLE
HACK B REVE B R T MR EEYE, ATfe 2t T3t
HhERAL B R R M, DOCIR KFRFE b 52 W% DL R
PR 8] PR R
32 AREHERTHEGHREREIFTEER

Mathers F1Xu (2003) B 70 485 AN N, IR
WU P B B i I A A e B ;. B 11 55 (2014)
Xof R HL AR K R R VA IR F 5 SRR B e ML

W CLGE AN 75 B ik 9 2, 57 B K1 34 L B e v

MABFTEEE RKF, MR T L P A LAk
TR LLGESE AR 5 e S, N-fe Sl e 5 ) 2 ik
B AFRIBETC A PUBRSE A T & L] 22
BOR, SARMIER., MR ELL KB R EH A
IREYII R R 1E0-15 cm, I 1A HUBRES H
75 B AN I MR A R E 5, ARG
RN R AL LD MMV, EIRAT HLBRAR R %)
52 BILLR MO RS2, o Stk b o v 1 LA Y

FhEEVE, RIFeE MR T 4O MRV 5 A0 K BRER,
I G o, BT L& RRTE0-15 emidd P 717 JIUR A
MUK & B 2 B AR T ZOROREEVE; SR T L e Ak LL A1)
T HAM PR EEYE, VLA A VLR T2k,
RS A VUK S R E T AR R

H5t 55 Co a5/ % S Cas100 LUAEL AT DL IR P T Jot HE 4L,
FEEE M SR — MR, Gedkack B T RE AR
FEYIRIARRE R . A RS E Y R A Y (Ussini &
Johnson, 2003; Dou et al., 2008). % E BN 5 T
I3, DRI e e /o AU 1) B A AT DA e ik - 33
HUBR 53 AR FE P O FEFR o 7E0-15 em, HEFECous/bE A
Cus.100LIEZILASC > MC > TC, Xt B 24 HE 4 A
MM EAOKR G, T 3H WU ZE 2 R FE T
A, AE75-100 cm, HWAETCHRZ R, FRIR)Z 5%
AWK EERRE o« 1245 K5 R HE(2015)ETL 75 Eh bk
HICKE AR H 4R —8, LRI, Bl
KB VE Ve 5 Coas/ KT 5 Casr00 LA K, 73R 7K
i, HERVAKE AR B8 ST i R AR
— SE I 0] 3 2 KPS, TR B R TR L. SRR
TEVE I LA K R b 23 AR A P B 1

75 B PE(Cl10-165/Co-165% 100%) B 8k K, R BH 75 &
BEiti %, 5 FaE . £0-15 cm, HEE
RIUNSCH/DN, MCHTCE R # 57, R
ERZ LIE PG R TR A, RS
LR TE 22, 0 B 20 PR V4 1) 38 ML e A
SEPEH R . 7E75-100 cm, 75 7 B ESAEB KRB N R
WMANSC>MC>TC, LREER. WERKPHLL
KENZ LA T] R 2> 3R 2 T3 A WL e 1%
FEfk, B2, AFTF RIEA PR R,
BE&h B R A 5 (2017 78 I8 ¥ 24 PRV ) A 7T
ZiR—5.

BE S+ B FE RN B KB, B A RIS IR
SRKHR, B KB AN SE K PR U AR R % s S 38 A AL
TR AR 45 B AR s M o /K C/3EKC = (Cogs +
C110-165)/(Cas-110 + Ciesano), e FUAR BRI 15 B HH (41
RARME 51 B HLAK S 2 M 8 = (Spaccini et al.,
2006). ERZESHRE L, BKBOARSE KR HE
BRa R B EER. AR E U REAE
0.75-0.93 2 [f], Ui LI MRV 5 HALK BEREVE A
BUBRAS E PR, ST 1 (2013) 78 SR I HAE K 5
LR IR FL Al R — 2

R 2 Co.1io/ 75 7 Crio-16s, 1% LGB B 51 2% B Ji% 4
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