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Estimating the Total Nitrogen and Total Phosphorus Content of Wetland Soils
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Abstract: Nitrogen and phosphorus in wetland soils are important limiting nutrients for plant growth, maximum
photosynthetic rate and capacity, and net primary productivity. They have been found to be significantly involved in the
estuarine eutrophication and environmental purification of wetland ecosystem. The research may be focused on distributing
and changing characteristics of nitrogen and phosphorus in wetland soils. It is important for the evaluation, restoration, and
management of wetland ecosystems. Our study area is located in the Panjin wetland (40°45'—41°10'N, 121°45'—122°00’
E), which is a part of the Shuangtaihekou National Nature Reserve Administration. Panjin wetland is the largest coastal
reed wetland situated in the high—latitude areas of China. The laboratory measurements of total nitrogen, total phosphorus,
and spectral reflectance for surface soil samples had been conducted. Different modeling methods, such as bootstrap

stepwise multiple linear regression (SMLR) , bootstrap partial least square regression (PLSR) , and spectral transformation
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techniques, such as continuum removal (CR), first difference derivative (FD) , and log transformed spectra (LR) , were
used to develop the estimation models of total nitrogen and total phosphorous in wetland soils. Based on the simulated
hyperspectral Hyperion data and multispectral Thematic Mapper ( TM ) data of the wetland soils, soil nitrogen and
phosphorous contents were estimated, respectively. Subsequently, the estimated accuracies of the developed models were
compared, and thus, the ability and suitability of estimating nitrogen and phosphorous components in wetland soils using
hyperspectral technologies were explored. The results indicated that bootstrap PLSR achieved higher accuracies of estimating
the total nitrogen and total phosphorous content of wetland soils in the study area than did bootstrap SMLR. The spectral
transformed technique of CR used in combination with the modeling method of bootstrap PLSR yielded the highest estimation
accuracy for the prediction of the total nitrogen content of soils collected from Panjin wetland. The original spectral data
combined with bootstrap PLSR produced the highest estimation accuracy to predict the total phosphorous content in wetland
soils. Simulated hyperspectral Hyperion data attained higher accuracies of estimating total nitrogen and total phosphorous in
wetland soils compared to simulated multispectral TM data. The estimation accuracies of the simulated Hyperion were closer
to those of the measured spectra. The estimation accuracy of the total nitrogen content achieved from the measured spectra,
simulated hyperspectral Hyperion, and multispectral TM were all higher than those of the total phosphorous content of the

same soils.

Key Words: hyperspectral remote sensing; wetland soils; total nitrogen; total phosphorous; bootstrap PLSR
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SMLR AR (i e/ — S [ TR bootstrap PLSR) ARG A (452K BR CR DLIE— By FD
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Fig.1 Location of the Panjin wetland and experiment sites
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EO-1 45 Landsat-7 9 TURBUE AR , 52 R38O 1) FRTZE 1 404, K SCHETF 92050 3O IR , BE )
T Hyperion 5 EHERCHE AN T 225638008 | HETTTXT H. 7 350 PR SCHR A 5T 5 He -F 8 4 R0 2o A RO B
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Table 1 Statistics results of total nitrogen and total phosphorous content for wetland soils

VARIE L7 e/ IMA/ (mg/g) B KME/ (mg/g) YIE/ (mg/g) FRifE2E/ (mg/g)
Analysis parameters Minimum Maximum Mean value Standard error
4% Total nitrogen 0.59 1.99 1.31 0.42

4T Total phosphorous 0.51 1.23 0.85 0.19

4.2 R+ HHEIERE
B 2 (a) 2SI I AR BE M+ 387 B R B E 2k, B 2 8K, 7E 400—2450 nm i BEIEEI, 2
b3S I 2R AR b AR 2%, SRR BT e T WG B SR BAIR, 549—558 nm Z [AIAFEAE
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Fig.2 The spectral curves of the average reflectance (a), CR transformation (b) , FD transformation (c¢) and LR transformation (d) for

wetland soils
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EA IR, SMLR G5 7 120 e A% 3 OASE Y 1) H & SR 88 vh AE ZE IR e PLSR A48 Jy ik i it
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4.4 AN[FDGIE AR SR A Ak A b A 3 4 EURN A 5 RS BE X

Xf A DGR B ARG SR e S RS T, 3R 2 /2 R AT T bootstrap Y SMLR H AR5 25 1
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MEBMEAKYCH LR R #1 FD, R, CR G AE e gl R 45 G bootstrap PLSR #4515 | 16 F TR X 1 b - 338
AR OGIEE R A,

»

%2 ET bootstrap SMLR & LIETHRBEAGHEM T IELRMEHEIBLER
Table 2 The results of estimated total nitrogen and total phosphorous content for wetland soils using various spectral transformation techniques

based on bootstrap SMLR

HIFILR . -, SERLREA HraReA
Nutrition ETEEHR AT B Modeling samples Validation samples
Spectral data  Chosen bands/nm
elements R? RMSE R? RMSE
2R R 553 735 844 2008 2110 2284 0.639 0.259 0.542 0.319
Total nitrogen CR 749 920 1336 2012 2118 2304 0.783 0.194 0.717 0.221
FD 1492 2016 2294 2370 2378 0.724 0.220 0.695 0.239
LR 2113 2180 2230 2235 2278 2310 0.600 0.286 0.483 0.339
X R 543 679 832 1224 1744 2123 0.463 0.192 0.402 0.207
Total CR 742 778 2004 2323 0.475 0.188 0.469 0.194
phosphorous FD 1672 1796 2101 2193 2203 2275 0.527 0.177 0.433 0.197
LR 694 896 1508 2221 2255 2316 0.374 0.214 0.405 0.205

i HdE (Spectral data) —i , R (original reflectance) e LR , CR ( continuum removal ) UL L BB IS, FD( first difference
derivative ) fR3& — B 43 EHE A , LR (log—transformed,, log( 1/R) ) fRFECREEIEY X BOGREEHR

&3 ET bootstrap PLSR H) B RIETHREAGH B T ELRNLBHESELER
Table 3 The results of estimated total nitrogen and total phosphorous content for wetland soils using various spectral transformation techniques

based on bootstrap PLSR

BHEILE e A BB HEBIFEA Modeling samples KB RE A Validation samples
Nutrition elements Spectral data  Component numbers R? RMSE R? RMSE
4% Total nitrogen R 4 0.698 0.226 0.693 0.232
CR 3 0.815 0.180 0.784 0.192
FD 4 0.601 0.281 0.642 0.263
LR 5 0.762 0.205 0.697 0.228
4 Total phosphorous R 3 0.522 0.181 0.573 0.174
CR 4 0.476 0.186 0.458 0.196
FD 5 0.553 0.165 0.434 0.198
LR 5 0.456 0.198 0.413 0.204

Xf LA DG AL BB ARG SR b - S A B 3 B AOAE B2, 3R 2 W, FD O3 A8 e HOR 1y AR i d vy
CR HORBUR YRS B fms . HUT AR B (RS REAS ) s BMIRARK YO LR il R, 3R 3 7R, FD BRI AL
R RE By, R BRGNS B Fere o OIS A RORG B (RE IR REAS ) M BMIRARUCH CR A LR, TR, R 4545 bootstrap
PLSR #8877 1%, 3 FH T 90 DX i, 398 4 8 3 St 1) 8 DI i o A B

—BEFSE R CR FD Hl LR SGIE AR BH AR | AT UM R B SO G B8 5 3R 0 & B Z [ B9 AH DG OC 2 M
FLHAG SRS B2 5 FB AL 1 ISR S 3O i TIOMDRG i 202  FEARBIF 5 op, Wb 4 U i O A 5 R
FH bootstrap SMLR 455 /770§, CR 1 FD AR PG S0R B2 3 RSBk A 1 4 B W i 48 =5, 17 R FH bootstrap
PLSR #2857 1, CR Al LR BOREE R OGIE A S BE b B0 T — 8 R BE A Bk . FE X i, T 3 3% 1 119
i, SR bootstrap SMLR #E A J7 i 1f , CR Fll FD H AR Bk 0K B2 b R OIS A T 82 &1, {H R bootstrap
PLSR A7 1k, FE T R OGBSI AEAS A SOR BE A 3 1 fes . P, CRUFD I LR DG 3528 e R Y
I PO T R e SR O A TR BE 04 B T EEE Y G TR SRS i, 2 R OGS A4S FOR AN BE
TSR I P EE, T LA R A CRFD AT LR S35 A bR

3 2 WoR, R H bootstrap SMLR S5 J5 i), AN [R] S 15 A8 48 1 A iy FH 10 b, - 18 4 U 2 Wl 7 i A 530

http ; //www.ecologica.cn



16 FAE AR e RN W i TR AT 7

R, A BRI TR LLA (SWIR) BB, —LEWFFE I, SWIR A L T ol WLOL AT £L A Be
HAZRHALHE R E 1 SWIR P50 Y SB35 90% W) S S A5 -5 B9 55 5 12 W i) b ) A
SFUY L R, SWIR I BEY A AT 4 e Vb A URN A 5 A TR B
4.5 PIE RS Hyperion FIZGIEEE TV Ok 530K BEXT L

F 4 MK S HHEIR T T bootstrap SMLR 1 PLSR (AR FUI G 1B A 5008 b 4 198 4 U 2l 75 22 O G
FEXTEL, B 3 I TR IAEAS S , SR bootstrap PLSR #MAR 7 i | 10 1 4 398 4 U Wl 5 B A B 45 R 55K
WA Eb# . R bootstrap SMLR F1 bootstrap PLSR A 5 i v | B0 i Y6 1S 454 Hyperion 19 4 358 4 U
SR SN EORE R T 2O BE T, A4 Hyperion B4 S50RS B T 322300 T S 6 1% Ak B80KS B2 i HL,
PLSR #H%  AOAk 380K BE 25 T X W SMLR FIAGBAE B, ik —ESE T bootstrap PLSR #5732 X A 5 X 1t
TIEL R EBE S A E RS . 8L T I K 1Al A5 A e d R AR RS I A A AL
Hyperion FI1 TM X35 Hb 4 478 4 2 &tk A0l 0005 B3 ol oo % o7 - 18 4l 35 S R A FORG

&4 ET bootstrap SMLR MEBNIEHEA TR TIRERMEBEIEER

Table 4 The results of estimated total nitrogen and total phosphorous content for wetland soils using simulated spectral data based on

bootstrap SMLR

o e o LB P
HILR AR AR B/ nm Modeling samples Validation samples
Nutrition elements Spectral data Chosen bands/nm
R? RMSE R? RMSE
4 Total nitrogen B T™ B2 B4 B7 0.549 0.309 0.496 0.341
il Hyperion  B24 B45 B57 BI82 BI94 B2I2 0.598 0.285 0.517 0.326
42 Total phosphorous 1541l TM B2 B3 B4 B5S B7 0.401 0.206 0.388 0.209
Bi4Ll Hyperion  B23 B38 B56 B99 B155 BI9S 0.434 0.197 0.411 0.204

FHETF bootstrap SMLR HEAR 7772 YA 4LL ' 115 Bl B Al R b+ 38 2 WA &k & &, M AER IR BORE (R
4) BTSSR (45 S OGS SRS Hyperion FIZGIEEE TV ) AR B 5 OGS B0 A LI Bk w20k
X 3 A R A RO A L Hyperion Fl TM YT ECHE B9 AL B, Y AL G AT LG T £T AR SWIR
Bt ML R, M - B4 T S R A4 B TM GBI 0 AR I Be i T 206 SWIR- 1 2B .
%5 ET bootstrap PLSR FEELISHEAE RN LIS RIEBSELER

Table 5 The results of estimated total nitrogen and total phosphorous content for wetland soils using simulated spectral data based on

bootstrap PLSR

iR . o SEBLFEA sEA
HFLR e L%t Modeling samples Validation samples
Nutrition elements Spectral data Component numbers
R? RMSE R RMSE
4 Total nitrogen Ll ™™ 2 0.624 0.268 0.615 0.271
4 Hyperion 5 0.669 0.249 0.664 0.260
421 Total phosphorous 548 TM 3 0.471 0.187 0.503 0.185
4, Hyperion 5 0.516 0.184 0.558 0.164

e T A T DA 40 S b 4 P I S R A A Y A A AL B ST BRI T S 0 A 4 i A
P, TSR Hyperion FIZGIEEME TM AH AL GG HERA TRRMEE S . E0] WOt GE£04MR SWIR
JEREL I, T™ %8 T 6 A~ B, 1M Hyperion HAT 198 ANF7 R B, YGilk 43 PR (10 $2 8, 5 A2 I 20 40
SWIR I 130 Fl N OGS 20 R B4 85, A ) T Hyperion [ FH T 52 38 10 1 - 398 40 50 R4l & 1 IRG B2 9 42 55
F3 40, Hyperion AH LT TM , HAT 3 2 A M5 e LL (SNR) AR 5543 98% , Hyperion [ SNR FI4E 5153 B R AE 2 51 4
190 #1 16 bit, i TM & 50 F1 8 bit, [FIH, Hyperion %8 TM £ A9 {5 8 5 5K, Ho6H S 4 38 4 RUR 4 W 4 20
A 5 RE T AR
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Fig.3 Estimated versus measured total nitrogen (a, b, ¢) and total phosphorous (d, e, f) content for wetland soils based on measured

spectrums, simulated TM and Hyperion data

Kl 4 R T HTFIMERE AL Hyperion AT TM Sk S 5 R 440 , PLSR BBIRT XS R (9 Ml H R %k, 0 T4
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Fig.4 PLSR coefficients of estimating total nitrogen and total phosphorous content for wetland soils

http ; //www.ecologica.cn



16 FAE AR e RN W i TR AT 9

5 #ig

AR FEWF A4

(1) XFAF 5T X 00 3 4 UM 2 i 5 1 A5 55, HHEL T bootstrap SMLR #5777, bootstrap PLSR #HAR J7
BRI RORG BE R . AR R e S RO s A EORE 7 A2 T CROLIE AE B HOR 455 bootstrap
PLSR #A5E 5 X Ml - 398 Al 1 1 A A 0, e S A 80KS BE 7 A T IROB I B0 (R ) 456 bootstrap PLSR #E A5
I, bootstrap PLSR #5578 F AR SCHF9 2R e i i A 4

(2) TEABEGE Hh , WHE 38 0 & = A4 5 b, 35T bootstrap PLSR B R 6T 58 (144G S0 FE A 54 2
KB T dRE . BRIEZAM X T CRUFD #l LR DGR R | R G XS A SRS B IS R dmm i . R, —
L SR R R AT LA SR 4 e X i, - 995 40 B B O A SRR 2 (B G T SR e e S — IR

(3) B D GIE AR Hyperion X i b 1 498 4> RURN 4 B 5 2 1 A 0K 2 1 TR 2 060 Bcdis ™, 5440
Hyperion Al S0 3 SE 30 T SN D3 (0 Al SA0KG B2, MAITTIE I 1 8y DY 3 5040 o) 16 b+ 338 40 AU 4 Wl 2 0 1 48
SRAl 5 RE

Db - S 2H 53728 A0 R IR T RS T TR A S R G HAA AR PR, T R - 4
AR (G TR A 2B B DU EAT S e A SRR OC R ) M2 Bl 3 A AZ L B A= 28 R Ge 0T
il WK AN BLRA B A X

5% 3Lk ( References) :

[ 1] Wang W, Sardans J, Zeng C, Zhong C, Li Y, Peifiuelas J. Responses of soil nutrient concentrations and stoichiometry to different human land uses
in a subtropical tidal wetland. Geoderma, 2014, 232-234. 459-470.

[ 2] Susan Newman, Paul V McCormick, Shi Li Miao, James A Laing, W Chad Kennedy, Mary B O'Dell. The effect of phosphorus enrichment on the
nutrient status of a northern Everglades slough. Wetlands Ecology and Management, 2004, 12(2) : 63-79.

[ 3] Alongi D, Trott L., Wattayakorn G, Clough B. Below-ground nitrogen cycling in relation to net canopy production in mangrove forests of southern
Thailand. Marine Biology, 2002, 140(4) : 855-864.

[ 4] F4ear, Ik, B, I, FRMEE. 700 AR Y35 M-k 7 -1 A0 e Ul 2L A Ak 2 T H iR AR, 22252240, 2011, 31(23):
7119-7124.

[ 5] Cécile Gomez, Raphael A Viscarra Rossel, Alex B McBratney. Soil organic carbon prediction by hyperspectral remote sensing and field vis-NIR
spectroscopy : an Australian case study. Geoderma, 2008, 146(3/4) : 403-411.

[6] Tam, b, £ T52X L BHURAES HERL A 5254, 2014, 34(16) : 4620-4631.

[ 7] S0%, T, oA, L3CH, X7, 250%, Raphael A Viscarra Rossel. HE F2 5 + 800 Y6l SUR R 43255 4 HLB OGS O R, o
[ERl . HERRLA, 2014, 44(5) ; 978-988.

[8] B, MHL, BUR, Ak, BEE 2008 e R LR IRu R APk . BRETRE, 2007, 28(8) : 1822-1828.

[ 9] Cozzolino D, Morén A. Potential of near-infrared reflectance spectroscopy and chemometrics to predict soil organic carbon fractions. Soil and Tillage
Research, 2006, 85(1/2) : 78-85.

[10] Ben-Dor E, Patkin K, Banin A, Karnieli A. Mapping of several soil properties using DAIS-7915 hyperspectral scanner data - a case study over
clayey soils in Israel. International Journal of Remote Sensing, 2002, 23(6) : 1043-1062.

[11] Naveen J P Anne, Amr H Abd-Elrahman, David B Lewis, Nicole A Hewitt. Modeling soil parameters using hyperspectral image reflectance in
subtropical coastal wetlands. International Journal of Applied Earth Observation and Geoinformation, 2014, 33 47-56.

[12]  HZ%4, B, B, FAF, TR WIEE R R R A2 W07 As 5. HBRTST, 2004, 23(5) : 614-622.

[13] Grunwald S, Reddy K R, Newman S, DeBusk W F. Spatial variability, distribution and uncertainty assessment of soil phosphorus in a south Florida
wetland. Environmetrics, 2004, 15(8) ; 811-825.

[14] HET, WHLH, FH2. G =MINEH S IASAPE9E. JEat. Bagmiiit, 2001 34-78.

[15]  EHSC, R0, &5 fidh e mIHRLRIES LT . Jbat: Epr Tl iRk, 2006 267-274.

[16] Roger N Clark, Ted L Roush. Reflectance spectroscopy: quantitative analysis techniques for remote sensing applications. Journal of Geophysical

Research, 1984, 89(B7) : 6329-6340.

http ; //www.ecologica.cn



10 R ¥ O 36 %

[17] 28, WRAkMe, BREUE, SRIRG, BFRIT. it b2 2 4 GO HE 8 M HL B A3 47, JBJERE 4, 2000, 4(2) : 125-130.

[18] Grossman Y L, Ustin S L, Jacquemoud S, Sanderson E W, Schmuck G, Verdebout J. Critique of stepwise multiple linear regression for the
extraction of leaf biochemistry information from leaf reflectance data. Remote Sensing of Environment, 1996, 56(3) : 182-193.

[19] R A Viscarra Rossel. Robust modelling of soil diffuse reflectance spectra by “bagging-partial least squares regression”. Journal of Near Infrared
Spectroscopy, 2007, 15(1) ; 39-47.

[20] EATIN, BREER, 2300k, BIAEAE, B VAR JE TR OI il 1+ HEH ML RS G S . SCR S HTE 54K, 2014, 33(6) : 19-24.

[21] KW, fiR R, SE4E, YoM, FRE R IO/ 5 0 AM SR G Al 3+ S S i SE R BT 98 LS i B LR, 2005, 21
(1):19-22.

[22] FAE, DR MR ZWRIEEDOGEE R IR, el 5O6ET, 2013, 33(10) ; 2823-2827.

http ; //www.ecologica.cn



