55 44 %55 15 1) S & 7 i Vol.44,No.15
2024 4F- 8 H ACTA ECOLOGICA SINICA Aug. ,2024

DOI: 10.20103/j.stxb.202311202527

SR, MRS FETIA , A R, R, R, BT, 2R 2R AR RDRL AR b S S R RRE B R e S AR B Y A A
R ,2024,44(15) :6618-6629.

Nie L C, Qu K Y, Cui LJ, Zhai X J, Zhao X S, Wang Z C, Wang J Z, Lei Y R, LiJ, Li W.Hyperspectral characteristics and inversion model of carbon,
nitrogen, and phosphorus contents in wetland soil with different particle sizes.Acta Ecologica Sinica,2024,44(15) :6618-6629.

AERZREM T EEXEF I RAB S ERERE

SIS

1,2 1,2 12— Jol2 =3 1,2 1,2 N > 1,2 1,2 e ar12

ZEAR AR EwmaE, BARY , RRRY 2FER, 2, FRE,
1,2 1,2,

OB E 4

1 E AR B2 A5 B S HBE 5T A i A S Th AR 5K B AL st T d S S0 % A SR 5B E M50 T, Jbat 100091

2 Jb DA PR IR AR S 2R 40 5 LI i R 0, Bt 100091

FEE i e B T AR 2SR i+ SR AR S A U R R M E S R R M . R U S b
TR A K DGR SR R I i G e B ] LA T A AT S Bl M R A B A D A B A B
TR, RHeRARVEN TIEREEN S — X AR R OGRS SUR R R, O BRI AN BB T ac g
03 KA AT AR R A R LABEPY B A 9 A AR IR XA ST X, T 2022 4F 8—9 JSRAE 477 (31t 3R 2 1 1R
A gt = N AL S5 E) 1.0 mm 0.3 mm 0.2 mm . 0.1 mm PURRAR[ERIAR A H3EREA . T BRA S it BOE B — B i3 J0 6 e
SETE BT ek G B R T N FURLAR 9 IR /D 3 LA B ATL AR AR | = 3T R DS 3 AR TN AL Y AR HEAR R DL
RMSR e PR A, - e U Bty A HEAT P A, BFORAS R Wk (1) DG Sz S 3 B0 {8 Bl ot 42 iy s/ N iy 1 oK
0.1 mm b2 A TR RLUAR LT HARAR G 2 A 6 SEAF S 25 (2) B T — B ek s v iy B ALK L 2R 2 & il 5
RORVES B S i R B 5 (3) BT BUsipl BT (W i foe /D — Sl IRl AE A0 i ASE RP Y11 0.62—0.98 , 50 1iE R Y5 0.36—0.94, 4 LL,
FABBAR HAT LTS AR Y SO AR . WFFE 2 R R WAl o 4 ) SRR (N7 R R B R AR SRR AT AT Y, e
Bl YRR K/ NRRE AR = OBV S B L 1T (i e/ N 3R Il U3 1 A EL 48 VA B 190 S TS AR T LA S Bt v A A0 1 e i A
RO 8 T, DT S AR A B P B L B R RFOTAS AR ON RE T R R ER AS TR R AR AL B Y 1 2R e L
FE R SR AL IR S HE S P SR S,

FERIA =G KA DAY 1B M+ B BRI SY

Hyperspectral characteristics and inversion model of carbon, nitrogen, and

phosphorus contents in wetland soil with different particle sizes
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Abstract; River wetlands are a critically important type of wetland, with soil playing a vital role in maintaining the stability

of riverine wetland ecosystems. Soil carbon, nitrogen, and phosphorus are key nutrient elements supporting soil quality and
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vegetation growth in wetlands. Utilizing hyperspectral remote sensing data to estimate them is of significant importance for
rapid and accurate detection of soil nutrient information in wetlands. Soil particle size, as one of the most important soil
properties, has a significant impact on the spectral reflectance of soil samples and is a crucial factor affecting soil structure,
cation exchange capacity, and plant nutrient availability. Taking the Shaanxi Yellow River Wetland Provincial Nature
Reserve as the study area, 477 surface soil samples were collected from August to September 2022, and after sieving in the
laboratory, four different particle-sized soil samples of 1.0 mm, 0.3 mm, 0.2 mm, and 0.1 mm were obtained. Three
prediction models, namely partial least squares regression ( PLSR) , random forest (RF) , and Gaussian process regression
(GPR), were established for soil carbon, nitrogen, and phosphorus content based on original spectral data and first-order
differential transformed spectral data of different particle sizes. The models were compared in terms of modeling R* and
RMSR to select the optimal model, and sensitive bands were selected to construct the model for evaluation. The research
results showed that; (1) The numerical values of spectral reflectance increased with decreasing soil particle size, and the
prediction model for 0.1 mm particle size consistently exhibited better accuracy than other particle sizes; (2) Models for
estimating soil organic carbon, total nitrogen, and total phosphorus content based on first-order differential spectra had
higher accuracy; (3) Partial least squares regression (PLSR) models based on sensitive bands had a modeling R* range of
0.62—0.98 and a validation R range of 0.36—0.94, demonstrating superior and more stable inversion results compared to
other models. The study results indicate that establishing models to estimate soil carbon, nitrogen, and phosphorus content
by controlling soil particle size is feasible, and selecting appropriate particle sizes can improve the accuracy of inversion
models. Partial least squares regression (PLSR), as a high-precision inversion model, can help enhance the stability and
predictive capability of the model, thereby more accurately estimating carbon, nitrogen, and phosphorus content in the soil.
The research results provide solid theoretical and technical support for the quantitative inversion of surface soil carbon,

nitrogen, and phosphorus in wetlands with different particle size treatments based on hyperspectral remote sensing.

Key Words: hyperspectral ; particle size; machine model; wetland soil; model study
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Fig.1 Spectral reflectance curve of soil under different particle sizes
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Table 1 Modeling and evaluation of soil organic carbon, total nitrogen, and total phosphorus based on full band spectra of different

particle sizes

J54f Original — B 84> First derivative
Tk BAE/mm oy i i wH il
Elements . Model Modeling set Validation set Modeling set Validation set
o R RMSE R RMSE R RMSE R RMSE
FH LIk SOC/ (g&/kg) 0.1 PLSR 0.95 0.64 0.82 1.15 0.97 0.49 0.82 1.15
Soil organic carbon GPR 0.88 0.98 0.84 1.09 0.99 0.19 0.83 1.13
RF 0.98 0.54 0.73 1.38 0.99 0.41 0.82 1.18
0.2 PLSR 0.78 1.29 0.44 2.00 0.86 1.04 0.59 1.67
GPR 0.64 1.58 0.68 1.47 0.95 0.67 0.50 1.87
RF 0.97 0.69 0.37 1.85 0.97 0.64 0.70 1.45
0.3 PLSR 0.76 1.33 0.41 1.92 0.86 1.02 0.38 2.13
GPR 0.63 1.60 0.58 1.63 0.96 0.63 0.28 2.18
RF 0.97 0.72 0.31 1.92 0.97 0.66 0.52 1.70
1 PLSR 0.89 0.94 0.70 1.46 0.93 0.76 0.63 1.62
GPR 0.78 1.29 0.68 1.45 0.99 0.34 0.60 1.64
RF 0.97 0.65 0.48 1.74 0.98 0.55 0.64 1.54
SAE TN/ (g/kg) 0.1 PLSR 0.97 0.05 0.93 0.09 0.98 0.04 0.91 0.10
Total phosphorus GPR 0.93 0.09 0.91 0.09 0.99 0.02 0.92 0.09
RF 0.99 0.05 0.81 0.14 0.99 0.04 0.91 0.10
0.2 PLSR 0.84 0.13 0.61 0.20 0.90 0.10 0.53 0.23
GPR 0.75 0.16 0.66 0.17 0.96 0.07 0.46 0.23
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0.3 PLSR 0.80 0.14 0.57 0.20 0.88 0.11 0.50 0.23
GPR 0.70 0.17 0.62 0.18 0.96 0.07 0.48 0.23
RF 0.97 0.08 0.38 0.22 0.98 0.07 0.55 0.19
1 PLSR 0.91 0.10 0.82 0.13 0.94 0.08 0.74 0.16
GPR 0.81 0.14 0.81 0.14 0.99 0.03 0.78 0.15
RF 0.97 0.07 0.50 0.20 0.98 0.06 0.73 0.16
S TP/ (g/kg) 0.1 PLSR 0.86 0.06 0.65 0.09 0.93 0.05 0.60 0.10
Total phosphor—us GPR 0.68 0.09 0.50 0.10 0.99 0.02 0.54 0.11
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RF 0.97 0.04 0.33 0.11 0.97 0.04 0.42 0.10

PLSR: i/ —- 37 Partial Least Squares Regression; GPR: e #2 [J9 Gaussian Process Regression; RF: BEHL AR Random Forest ;
RMSE: ¥ HRiR%E Root-mean-square error
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Fig.2 Validation results of model based on full band spectral reflectance of soil with a particle size of 0.1 mm
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x2 ETARNESBEELIEN T EGIR €A . SHNEESTN
Table 2 Modeling and evaluation of soil organic carbon, total nitrogen, and total phosphorus based on sensitive band spectra of different

particle sizes

» JEf Original — B4y First derivative
% R/ AL B AL Wi
Elements ~ Model Modeling set Validation set Modeling set Validation set
e R RMSE R RMSE R RMSE R RMSE
A HLBK SOC/ (g/ke) 0.1 PLSR 0.95 0.64 0.85 1.06 0.98 0.37 0.82 1.14
Organic carbon GPR 0.88 0.99 0.84 1.09 0.99 0.36 0.85 1.04
RF 0.98 0.53 0.71 1.41 0.99 0.40 0.83 1.13
0.2 PLSR 0.62 1.61 0.36 2.02 0.90 0.87 0.52 1.87
GPR 0.17 2.03 0.20 2.02 0.91 0.88 0.54 1.77
RF 0.95 0.82 0.05 2.13 0.97 0.64 0.71 1.41
0.3 PLSR 0.72 1.43 0.44 1.85 0.90 0.91 0.36 2.16
GPR 0.51 1.77 0.53 1.69 0.93 0.80 0.38 1.95
RF 0.96 0.77 0.38 1.89 0.97 0.66 0.56 1.65
1 PLSR 0.89 0.94 0.70 1.46 0.95 0.63 0.58 1.74
GPR 0.78 1.29 0.68 1.45 0.98 0.44 0.62 1.64
RF 0.97 0.65 0.48 1.74 0.98 0.57 0.61 1.58
B TN/ (g/kg) 0.1 PLSR 0.97 0.05 0.94 0.08 0.99 0.03 0.90 0.11
Total nitrogen GPR 0.93 0.09 0.90 0.10 0.99 0.03 0.90 0.11
RF 0.99 0.05 0.78 0.15 0.99 0.04 0.90 0.10
0.2 PLSR 0.82 0.13 0.40 0.24 0.92 0.09 0.53 0.22
GPR 0.48 0.21 0.47 0.20 0.93 0.09 0.58 0.20
RF 0.97 0.08 0.30 0.23 0.98 0.06 0.63 0.18
0.3 PLSR 0.76 0.15 0.55 0.20 0.91 0.10 0.49 0.24
GPR 0.64 0.18 0.54 0.20 0.93 0.09 0.53 0.21
RF 0.97 0.08 0.29 0.23 0.97 0.07 0.54 0.20
1 PLSR 0.91 0.10 0.82 0.13 0.96 0.07 0.74 0.16
GPR 0.81 0.14 0.81 0.14 0.98 0.04 0.75 0.16
RF 0.97 0.07 0.50 0.20 0.98 0.06 0.73 0.16
BB TP/ (2/kg) 0.1 PLSR 0.86 0.06 0.65 0.09 0.93 0.04 0.63 0.10
Total phosphorus GPR 0.68 0.09 0.50 0.10 0.98 0.03 0.59 0.10
RF 0.97 0.04 0.40 0.10 0.98 0.03 0.61 0.09
0.2 PLSR 0.83 0.07 0.59 0.10 0.92 0.05 0.50 0.11
GPR 0.62 0.10 0.42 0.10 0.96 0.04 0.47 0.11
RF 0.96 0.04 0.39 0.11 0.97 0.04 0.50 0.10
0.3 PLSR 0.82 0.07 0.51 0.10 0.94 0.04 0.43 0.12
GPR 0.66 0.09 0.45 0.10 0.95 0.04 0.47 0.11
RF 0.97 0.04 0.26 0.11 0.97 0.04 0.38 0.11
1 PLSR 0.85 0.07 0.50 0.11 0.94 0.04 0.55 0.11
GPR 0.68 0.09 0.48 0.10 0.97 0.03 0.53 0.11
RF 0.97 0.04 0.33 0.11 0.97 0.04 0.41 0.11

24 SOC TN TP £ 0.1 mm R4 I W AP G sk BL = R Ay (A5 B HOS I (B 3) , i LA L RE
AR AT 101 HZR (H IR 5 AR A i 25 TR, RS B R BB S BB A A A R AR AT R B i
UABG, 1 PLSR Bo ke 5 @A BN S 58T 101 HER, A 5 e AR 1
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Fig.3 Validation results of model based on sensitive spectral reflectance of soil with a particle size of 0.1 mm
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BB PR A T /N - SRR 22 () 45 45 T S, - e o i~ v, TR 1 RS S — Iy e ok +
HERURL AT RE 2 BN TE 223 KK Y, X AT RE S XIS RRAE B9 Fah 7= 2 T4 BRIk, AR 7 4k DB, -+ HERE
RLAERS /N R - O CTERRAE XS b L B AT IO (Y e T B
3.2 (RHL AR G S 2

3 5 T AURAY A T A TR B 2 v T3 T IR AR G0 R — i Bl o B TR ARORE B 7 AR 9T P 3
TR BT N B AURG BE AR T A BOT AR 3R  , 1XAT e KA E A TAE ¢ REO TR I - 0 iy
TP PR 5 s A AT AU BRI LB T 2 5 R A AU A B A R R, S B A
AU s A1 Sy ke A DG AT R T L B UEAS BEAR YIS . ASBIESE b -3 2l & i i T AR AR AL T+ A B
R TIARARY | AR B AR XTI, X AT e F AR MR L IS RS TS iy . Ak B T — B o otis
B AR LU B R YT A B A RS B ARAE AT B0 IE B, 36 L U o 5 199 T AR R EL A B 3 A B A, i
B3 T — B (e o e 1 BT e S A TR AR TR B 25 ) R B LA B 0 G A o A A A 5 T R A8 L 1
HEAE R R XRS5 B 52 () IR R R T — 2 b B {5 B
3.3 MLV b A IR Rl S HORS 2 i)

MEST AT R A BT ZOLE E AR AT T As R & 3, HRTAFSE A B H R A RF 5 PLSR (9 A
J& 22 X AR Fe A R AeE HAR R . RF BEAZ—Fh T 20 2R 1m0 05 ) FE AL 2~ 3 il e 4 45 45 il
PRI 28 TR AR B 4T L A PR AR ) GPR AR — Rl AT IO HLER S 2 HoR %
PR B BAR VAT 40 A3 2ERENE A4 ) ) PLSR BERIZE G T A 5C | 3 A4 o0 il 22 S0 2 vk [ 5 45 45 o 43
BT, D s B TR 5 M R A5 1 TR S5t DR 25 R IF ARG T D3 40 BT o 4 5 i g 2 (g 5 50 T e 14
MRIEABFFE 45 H LU, PLSR AR R A Ab BN [] - s A28 B vp B ¥ B A 75, PR B T JH A s A i v iR BN A
BB 1) 5 A 24 R ) R A 3 22 TT 4 1 1] U1 v 1) 2 S R PR N R A AR

R3 XTFrER G TERTNBLIARZRELE

Table 3 Summary of research results on predicting soil carbon, nitrogen, and phosphorus elements

JLHE RN B Bl A W&

Element Accuracy Data type Model Author

N R*=0.81 UK B PLSR Li % ,2019M41)

N R*>=0.76 Jih RF Lin 4 2022[4)

N R*=0.35 b6 PLSR Pechanec % ,20214]

o R?=0.95 — Bty RF Wang 45,2022

o R*=0.44 b6 PLSR Mondal %,201914]

o R*=0.81 HURP B PLSR Ribeiro 25,2021

p R2=0.34 Ik PLSR Malmir %,201904]

P R?=0.54 A PLSR Lu 2 ,20131%]

P R*=0.57 R PLSR FE# T 20161
4 it

AWFFE L) 7 P T 1R b A e SRR DT X T 2R 2 3 IR 4 45 1 mm 0.3 mm 0.2 mm 0.1 mm
PUFPAS [RDRLAR 1) F SEREAS | 3 5 i 46 TS B — B i o0 T 4G B o) ek R W e N [RDRLAR 1Y
e/ N_3fe | BEALARAR Bk AR T 3 Fh ey 15 21458 a0 .

(1) 803 S R A G 1 R A2 B/ N T RS R, 0.1 mm K7 A28 (4 SO AU AR b T HAR AR B 24
& RS RE

(2) HeBJE AR TN — B o GG R RS RY IS UERS BE , R BLEE T — B o D6 v 0 R A Bl 2/ 2w &
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