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Wetland Invaded by Spartina alterniflora
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Abstract:  Objective  As one of the major species that have invaded into China, Spartina alterniflora (S. alterniflora)
significantly affects the carbon storage and carbon cycle process in the coastal wetlands it has colonized. Close monitoring of
spatiotemporal variation of soil organic carbon (SOC) in S. alterniflora invaded wetlands will facilitate scientific evaluation of

impacts of this species on wetland ecosystems. The objective of this study is to investigate potential of the visible and near
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infrared reflectance spectroscopy in predicting soil organic carbon content in this kind of coastal wetlands. It is expected to
provide certain important evidence of the impacts of the invasive S. alterniflora on wetlands. Method A soil survey was carried
out in a tract of S. alterniflora invaded wetland typical of the coastal Jiangsu for acquisition of detailed soil--vegetation
information with the space-for-time substitution method. In the surveyed area, 15 soil profiles were prepared randomly over the
area for collection of soil samples, 3 each at different depths (0-30, 30-60, 60-100cm) in line with the stratified random sampling
strategy, making up a total of 45 samples. The soil samples were analyzed in the lab for soil reflectance spectrum (R) and SOC
content. With the aid of the partial least squares regression (PLSR) method, SOC prediction models were built up based on six
forms of spectral transformation(R, R’, R”, 1/R, (1/R)’, (1/R)”), evaluated for performance by root mean square error(RMSE),
coefficient of determination(R*)and residual predictive deviation(RPD), and analyzed for influence of auxiliary variables(like S.
alterniflora invasion history and soil depth)on prediction accuracy. Results SOC content increased significantly in the surface
soil after the invasion of S. alterniflora, and declined with depth. In the study area, mean SOC content was 7.37 g - kg™ in the
0-30 cm soil layer, with variation coefficient being 18.13%, and fell down to 4.39 g - kg in the 60-100 cm soil layer, with
variation coefficient being 36.26%. Spectral curves of the soil samples appeared to be quite similar in shape, with three distinctive
absorbance valleys, separately, at 1 400, 1900, and 2 200 nm. Relative to the models containing spectral information only, the
hybrid models established by amendment of auxiliary variables were much higher in prediction accuracy. At the same time
spatio-temporal variables could explain, to a certain extent, spatial heterogeneity of the spectral features of the soil. Cross
validation shows that the PLSR models with spectra and their transformation forms as its single auto-variable was quite limited in
prediction capacity, with R varying between 0.41 and 0.58 and RPD between 1.12 and 1.31 obtained with two validation methods.
Once the PLSR models were established with auxiliary variables amended, their evaluation parameters ought to be improved to a
varying extent.Among the tested models, the hybrid model based on spectrum transformation was the highest in prediction
accuracy with R being 0.68 and an RPD being 1.6. A small sample size used in the study was probably one of the causes leading
to relatively low prediction accuracy. Conclusions All the findings in this study demonstrate that the visible-near-infrared
spectroscopy can be used to effectively predict soil organic carbon content in the coastal salt marsh colonized with S. alterniflora.
The amendment of spatio-temporal auxiliary variables, like soil depth and plant invasion history, may improve the models in
prediction accuracy to a certain extent, and the utilization of the spectral technology may help realize real-time monitoring of soil
carbon dynamic in coastal wetlands invaded by S. alterniflora. Moreover, this study may be of certain reference value to using
relevant auxiliary variables in guiding soil sampling for accurate prediction of soil properties.

Key words: Salt marsh; Spartina alterniflora invasion; Organic carbon; Soil spectroscopy; Partial least squares regression
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Fig. 1 Map of study area and distribution of sampling sites

KAEE B4 1.4 nm( 350~ 1 000 nm )1 2 nm( 1 000~
2500 nm ), FHRAEMEFEA 1 nm, i g BogCh 2 151
Ao MZE SRR N LT, SCER IR Ty 50W 1Y
KR, ASHA 450, BEE HAEFL 30 em. JGEFR
LM fch 80, MEECE T HARIE L, &
TSR 15 em K HIEREASEA BAZ 5 em K 2 em
AR L, e B SRR AT . U Hi
i PEATARIE UM AE , 05 I SRR R 90°lie % 3
W, MR 4 AT RIS, B I il e
5%, 320 FAEAL, FHCFHRARNZ LR
T SRR

PRI FH B 3 e v O AR A 22 i, % 5k
ST T —RIIPAA . B, SR Savitzky-Golay
BRI RGBT AL B, BRI M
SRJE X HHEAT 10 nm [A]FS R FRAE, 155 216 ik
Bro 10 nm [A) P 0 EE R AE AT DITEA OIS B 1
Sobl b, AR D, MR, AR
DT T R ARG ) T4 vm S SR EE L 5

Tt FA By 2R R B T BE AR R A, AT 2
Xof AN T) A T Ak BH 3ok oA T8 0I5 ) 5% g 121
JEIE T B 4T XA R T RS R s, 37
KEERBDGIEFER 225 . ik, BEIEREEET
TCIEEARAE R IE RO EIE R (R), TEMCEERT T AR
FECE e (1/R), BRI RS F AR R A5 5053
HEAT— B i o A B A8 4, A3 344 R ZEN Y
AN HIE . AR RT RN R ( BEARKEEA
RAER ) Fil+ 2B g% 2 m, FIA SPSS
AR A G B A T SRR R 2250807
14 TEBVBRAIETNEENELISKREG

i fee /N e Il A 4 F2 oy . R SC R £ ot
LA A 3BT 5 2 Fh o3 BT R s T — 1A, SR FH K
kgt | 15 2L a8 SIEHoR , SR R g 4 A2
BT AELE A BT R EEARRL , X /N AR B EAT R Y
UM EE Sy, PR N TS B A

R T WEFEAR [R]85 AR $ % 0 TUIORS Y 52
M, SRHA PLSR Jrik, LISHFOGIEAERIE AN A4

http://pedologica.issas.ac.cn



698 + b1

58 &

=

W, oS A AL OGS BUM A A, Ah,
ShHAF 5 S [ R 2R R 2 U AR R O (1 B ), A
T S ASE A i AR ] PR3N R R AR S A AR
a2, X H AT I A PR 2R ) A A AL s T A TR
(IR . R FH B — 28 SUBG UE vk 1 i v e /N 345 4R
2% (RMSECV ) A PLSR 1S5 HA 1) i
FEERA N8 deda, AR PR A LS UE I X 4 4
A HLR B T AR A TP, B — R i B B
PUBURE, BRASR9 = A + )2 sh B L e — 1 RE
AR TIAE; 5 AR IR E e BURE, BRI K
VPR A [ — N = RS T B0

AR %) I R R 0 {1 5 S 0 A e i R
(R H 7 iR 2%( RMSE FIAE XS /3011 2%( RPD )
HATH . RPBER . RMSE /)y, 2 BRI AL 20k; i
1 o RPD {E AT LA R eSS 9 LN BE 7, *4 RPD
< 1.4 B}, RPBEBTCERIITHERTN; 4 14 <
RPD < 2.0 B}, FHIERETMEET—MH; 2.0 <
RPD < 2.5 i, &R ELA S g (4 T g 70

R =S G713 (5P

i=l1 i=1

RMSE= > (3,-y,)* /n
i=1

RPD=SD/RMSE

b, y WIENME S o MEEARECR, BT =1, 2, 3, ...,
n R y APIE; Y Oy SCME{E; SD Sl
{ELARHE I 22

2 4 R

21 TEAVMBRSENSITHFE

H AR S R SRR (1) 7]
A, PR X SRR A VLIRS &EYE N
6.05 g'kg ™, BALIEE K 2.08~9.37 gkg ', R A
A 30.35%. MG IX AT AL A AERETR B Y
HEOMMREAR, 225 REBCEWIE . 0~30 cm )2+
AP IE R 7.37 gkg !, AR RECH 18.13%;
60~100 cm 2 134 HLBR & R E 4.39 gkg !,
BREABY KRE 36.26%. NFESREERE R AL
fik & I AR AR AL S5 SR R (K 2), 0~

30 om 2 A LMK S R AR AR B 36K
FRa, HAN S E SR A (P<0.01) P
1M 30~ 100 cm )2 A7 HLARIG Ik S 3

2.2 EIKEERM T EESAE

W 3a fin, 5T IX - REA OGS T R IE 2
SR, 23T LT R, HAE 1 400.1 900
12200 nm Ab7G =AM B AW . AT IO B
(350~780 nm ) i Fil OIS SR S il o, 25t
e lm 258N LA BE (780~2 500 nm ) {5 [F
OGS I S R R 88 LT3, ek 2k e 22 R4
Ko it WA AR E + OGS E 4 (& 3b)
ATLAE Y, 8w 4 2RO M E e S
AL Bl VR A3, SGis ih SRR AE My
A R IR I A & AR AR . A THRIE ALK
B AE PR AN 2 R X% X 3G T (5
X REASGIEREHETT 0.05 7K (997 25501 45
T, RIRIRAE VR B AU [F) A AR BR8] (14 £ 35
BRI B E 2R
2.3 E-F PLSR Wy - EEHFHERTM

ANRIBAL LA 25 Rk 2 fos AL R H
I AN A AE B ST AY PLSR #i%ld ) RPD = 2
FIRLEIAT 34>, 53 F R RAN (1/R) "2 1Y
BEAY 6B = AR AT DU G b0l 3 HLAK
s, Hrp RURCREAL, RPD {HYT 2,16, 7R
BRI A B ALK R AR ARy F R IR EE A it f , Horh
PUfl PLSR A% (R, R". I/R A1 (1/R) ") fIl&
KA —ERENES, RA (1/R) "7 R
RPD {E#T 2, BRI hiaE, BIERCRELT .

K PIRPAZ CRAE R 12 A PLSR B R4 756
TE, LIRSS SRR (% 3). M 3 Al
RN AE OB IE: BTS20 4h T 22 SN, FeWR Y £
BB AR E o o, DO K AR #E 5k
— H AR AT 1Y PLSR BLAY AT R R 30 2% , WA
YGUF 7R S R? {EA T 0.41~0.58 Z &), RPD {4
F 1.12~1.31 Z[a. FmAMI AR F RS + 2 50E
A5 5ENT ) PLSR AL IS UE AT 1, 6 FRBLAL (1)
WS — e RS, Hoh, 5T VR #57
PIRSRI TR e i, R2M 0.68, RPD {Hik %] 1.6,

3 1 ®
Ao T FE VT 1 M 2 75 2R 6 Hh R g 1 B A (R
W2 —, TR T M Y + B R G

http://pedologica.issas.ac.cn



33 BREK 45 . 6T VIS-NIR il i HL ALK B AR 37 LA 0 AIF 50 699
x1 LTIRANKREEWAMEFEITHFE
Table 1 Descriptive statistics of soil organic carbon contents
FEAKL ISPN ] F/ME ¥ifE b2 5 5 R AL
T2
Number of Maximum Minimum Mean Standard Deviation Coefficient variation
Soil layer/cm
samples 0 ————— (gkg') —————— 1%
0~30 15 9.37 4.93 7.37 1.34 18.13
30~60 15 8.36 3.47 6.38 1.60 25.13
60~100 15 6.62 2.08 4.39 1.59 36.26
0~100 45 9.37 2.08 6.05 1.96 30.35
14 14 14
=~ P<0.001 P<0.192 P<0.413
2] P<0.59 129 p<0.127 27 p<0.0s2
o 104 104
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I .
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Fig. 2 Linear relationships between soil organic carbon content and S. alterniflora invasion history
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Table 2 PLSR model for prediction of soil organic carbon contents based on soil spectra
(e Sl A e e AL YR AR 3 A i 22
Model Spectrum transform R’ RMSE RPD
R 0.48 1.78 1.11
R' 0.73 0.93 2.12
ik R" 0.79 0.91 2.16
Spectrum 1/R 0.49 1.76 1.12
(1/R)" 0.67 1.13 1.76
(/R)" 0.79 0.95 2.09
R 0.54 1.66 1.19
R' 0.71 1.18 1.67
e+ AR AR R+ L R R E R" 0.81 0.88 2.24
Spectrum+invasion history +soil depth 1/R 0.54 1.65 1.20
(1/R)" 0.67 1.23 1.60
(I/R)" 0.81 0.91 2.17
F3 ITRANBRSEMUHEBZ XEIEER
Table 3 Cross validation of the models for prediction of soil organic carbon contents
. T [ 5 BUFE Fix RHALEUFE Random
" :1 Spectrum RERE WMRIRE MXTRE RERK BWIRIRE X riRE
o transform R? RMSE RPD R? RMSE RPD
R 0.41 1.69 1.16 0.41 1.63 1.20
R' 0.48 1.75 1.12 0.50 1.61 1.22
ik R" 0.41 1.62 1.21 0.42 1.50 1.31
Spectrum 1/R 0.58 1.51 1.30 0.58 1.57 1.25
(1/R)" 0.52 1.66 1.18 0.55 1.53 1.28
(/R)" 0.45 1.71 1.15 0.49 1.52 1.29
R 0.49 1.56 1.26 0.55 1.46 1.34
R' 0.53 1.63 1.21 0.59 1.41 1.39
SR+ AR AR+ 1 2 R
R" 0.44 1.55 1.26 0.50 1.43 1.38
Spectum-+invasion
1/R 0.68 1.31 1.49 0.68 1.23 1.60
history+soil depth
(1/R)" 0.56 1.54 1.27 0.58 1.45 1.35
(1/R)" 0.48 1.62 1.21 0.51 1.47 1.34
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