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Monitoring for soil sodium chloride content based on hyperspectral reflec-
tance
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(1. College of Geography and Environment, Shandong Normal University, Jinan 250014, China; 2. Shandong Monitoring Center of Geological Environ-
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Abstract: To develop an approach to estimating the soil sodium chloride content, spectral measurement technique
was applied to 41 soil samples collected from the area eroded by northern seawater of Weifang, Shandong province. The cor-
relation between soil sodium chloride and methematically converted spectral reflectance was analyzed, and a model monito-
ring soil sodium chloride content was developed using partial least square regression. The models of first derivative reflec-
tance and the second derivative reflectance showed high accuracy of soil sodium chloride content, with both determination
coefficients higher than 0. 8, in which the first derivative reflectance was better due to lower errors in inverting the content.

It was indicated that the model developed in this study using partial least square regression analysis after conversion of spec-

tral reflectance performed well in estimating the soil sodium
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Fig.1 Sampling sites in the study area
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Fig.2 First derivative and second derivative spectral curves
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Table 1 The concents of eight ions

T PN A AH DG 8 135 T TR R G5, S v A G I8 Bt
9 412 nm  AHIERECH 0. 649, 2 1E M6, fE UL 4041
BBt 760~900 nm AHIE R B, KA/ 2 A OE,
DAL AT DY 30t B3 ) AR OGP 2 T A0 40 A1 i BE A AR O
P, RS RN A R AR e
WA T — B iy, (R e W R 0, AH DG R 207 Ak
HRE A, BEAT IE AR OC XA SR SG , FL7EIE fh 2 ) ok
(RT3 3, e KA DGR B 562 nm,

BT /M (mg/kg) e KAE (mg/kg) HI{E (mg/kg) brifEzE He (% )
K* 0.003 27 0.270 33 0.035 556 0.047 885 6.501
Na* 0.018 47 3.667 21 0.354 690 0.738 922 64.854
Ca® 0.014 52 0.297 26 0.090 486 0.058 110 16.545
Mg 0.011 74 1.049 93 0.066 173 0.160 925 12.100
cl 0.020 03 7.644 25 0.512 828 1.397 702 46.146
SOy 0.011 76 1.855 45 0.298 714 0.359 345 26.879
HCO3 0.121 92 0.704 05 0.299 343 0.131 278 26.936
co¥ 0 0.017 98 0.000 439 0.002 808 0.039
x2 BTMEHEMNBEXRY
Table 2 The single correlation between ions and salt content
K* Na* Ca® Mg cl- s0,* HCO,~ CO,> Srihi

K* 1. 000

Na* 0.759* * 1. 000

Ca 0.287 0.123 1. 000

Mg?* 0.845"* 0.825** 0.307 1..000

cl- 0.827* " 0.979** 0.220 0.906* * 1..000

S0,* 0.736* " 0.927** 0.308 " 0.797** 0.913** 1..000

HCO,~ -0.166 -0.036 -0.334" -0.172 -0.135 -0.144 1..000

C0,* 0.785"* " 0.718** 0.276 0.979"** 0.817"** 0.693**  -0.187 1. 000

Ldhw 0.817** 0.988 * * 0.222 0.892** 0.995* * 0.939**  -0.072 0.798 * * 1. 000

¥ RN CHEE B E K- (P<0.05) 5 * * FoRAHIC R L 7K P (P<0.01)

3 R R
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Fig.3 Correlation coefficients between spectral reflectance, its first and second derivative reflectance and sodium chloride content

R3 TESUMSEDIEFHE

Table 3 Regression models for estimating the sodium chloride content in soil
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x4 —HRESERN_FREFER TESVARESR
Table 4 First derivative reflectance model inverting soil sodium
chloride content developed by partial least-squares re-

gression
gl S
il AAh AAsh 235} AHR 1% 22
BA A it i (%)
(g/'kg) (g/'kg)

D02 2.460 176 1.453 261 1.006 915 69.286 610
D04 1.335 421 0.581 304 0.754 117 129.728 400
D06 1.817 198 0.697 565 1.119 632 160.505 700
D09 0.095 616 0.406 913 0.311 297 76.502 080
D11 0.480 798 0.988 217 0.507 420 51.346 960
D13 0.905 581 0.523 174 0.382 407 73.093 640
D15 2.483 039 2.150 826 0.332 213 15.445 830
D19 0.831 200 1.860 174 1.028 974 55.315 980
D21 5.007 731 3.545 174 1.462 557 41.254 870
D23 2.870 295 2.732 197 0.138 098 5.054 477
D27 2.725 665 1.980 524 0.745 140 37.623 390
D29 1.957 301 1.975 244 0.017 943 0.908 387
D31 3.115 296 3.923 722 0.808 427 20.603 570
D34 0.548 564 0.660 175 0.111 610 16.906 200
D37 0.791 343 0.825 219 0.033 876 4.105 092
D40 0.704 436 0.660 175 0.044 261 6.704 420

x5 “HiESER/N_REOFERTESUARESR
Table 5 Second derivative reflectance model inverting soil sodium
chloride content developed by partial least-squares regres-

sion

SV Eh S A 4 oo
foppge FUMRILE SCURUCH iy HIEE
D02 1.289 339 1.453 261 0.163 922 11.279 610
D04 0.284 387 0.581 304 0.296 917  51.077 790
D06 0.297 443 0.697 565 0.400 122 57.359 860
D09 0.454 538 0.406 913 0.047 625 11.703 910
D11 0.884 513 0.988 217 0.103 705 10.494 130
D13 0.687 698 0.523 174 0.164 524 31.447 220
D15 2.456 786 2.150 826 0.305 960 14.225 230
D19 1.299 582 1.860 174 0.560 592 30.136 540
D21 3.052 176 3.545 174 0.492 998 13.906 180
D23 2.718 154 2.732 197 0.014 044 0.514 000
D27 2.883 107 1.980 524 0.902 582 45.572 900
D29 0.521 540 1.975 244 1.453 704  73.596 180
D31 3.612 293 3.923 722 0.311 429 7.937 092
D34 0.109 069 0.660 175 0.551 106  83.478 760
D37 1.127 657 0.825 219 0.302 438  36.649 420
D40 0.548 700 0.660 175 0.111 475 16.885 640
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Fig.4 First/second order scattered plots between trained and measured samples using partial least-squares regression models
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