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Estimation of soil total nitrogen content in the Taihu Lake region based on soil regulatory spectral parameters
SONG Xue', ZHANG Min"*', ZHOU Hong-yin', YU Xiao—jing', LIU Zhi-guang', XU Zi—yun', WANG You-liang’
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ical Engineering Group Co., Linshu 276700, China; 3.College of Information and Engineering, Shandong Agricultural University, Tai’ an
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Abstract: In order to achieve a rapid and accurate estimation of soil total nitrogen (TN) in the Taihu Lake region, the hyperspectral charac-
teristics of TN and quantitative analysis models should be constructed to reduce potential environmental risks and provide a technical refer-
ence for precision agriculture. In this study, we acquired spectral data and TN of 93 samples with similar soil textures from a large geo-
graphical lakeshore zone in Wuxi, Jiangsu Province. Three model methods were investigated. We filtered the sensitive wavelengths using a

correlation coefficient in peak value. Based on regulating soil spectral index (MSASI) arithmetic established by sensitive wavelengths, we
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used multivariate linear regression, artificial neural networks and partial least squares methods to construct a quantitative spectral analysis

model of soil TN content. Our results indicated that total soil nitrogen content and spectral reflectance were positively correlated. We also

found that sensitive wave bands, including 420~444 nm and 480~537 nm based on MSASI and multiple linear regression analysis on the

sensitive wavelengths yield the best results (R*=0.98, RMSE=0.04) with high accuracy and reliability and were the best models for predict-

ing soil total nitrogen content. The partial least squares model (R*=0.70, RMSE=0.13) and artificial neural network model (R*=0.69, RMSE=

0.15) were the least accurate.

Keywords: total nitrogen; hyperspectral analysis; estimation model; rapid assessment; sensitive wave bands
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Figure 1 Spectral curve after first order differential pretreatment
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Figure 3 The correlation curves of spectral index transform the spectral value and nitrogen content

1.4 WA %

TE ] 22 J0 4 M (B A ASE Y | N T A 228 ) 4% (] ) A
B A de /N Ik RO AT B 62 MEA
T E SR T T, 3 REAR ST IR UE , [ AR
N 82 ANRHAE I B, PR Ry S A R . LATRE
ZBC(R?) (¥ J5 #3122 16 (Root mean square error,
RMSE) . #1 %} *F ¥4 fli 22 (Relative percent deviation,
RPD) 1 N BY (G P-AN 6 B L e T M fe (R RS o R B
K, RMSE /], 2 AR Al A 128 7, >4 RPD>2
i, R WIRR T A A5 BE JT B0 5 24 1. 4<RPD<2 I, B
HA th A ARSERE 7, T LA A AR f Ak PR it v 5 7Y
(2B 5 24 RPD<1.4 1, 32 MBI (10 £ 55 BE ) A o
PEEZET
1.4.1 ZIo4lk Bl

Z ek PE [ (Multiple liner regression, MLR ) X
PR3 B /N Z 30, R g /N Z3fe 10 %) 2 O B kAT
flTHT F T 62 A HRERE AR , R 2 T4 Ak (]
VA SE B Of Ay 2t 08 4 R A 5 R I B A R PR A
T Zeid WAk BUS R BEEAE g B AR R SEIEAE
A5, 32 ] IBM SPSS Statistics 22 58 Ji 2 762k 1 #l
537

142 N THZM%

AN T A2 4% (Artificial neural network , ANN) /&
— TR LA i Ao 228 A N 2205 Bl 1) 4 A A PR
BERY , ANN — A i A2 (B 2 0 th )2 o 7Ef
N JZH A WA AR, 38 3 fh 22 e TS A
IEHT, 7 855 J2 P AR LA ok 8075 3 15 0 e 52 ) i )
(B, 7 fa 10 )2 HEAT S 0, A B 5Y 1 ] MATLAB
R2016 AN T 28 R 25 A T 8L, 285 [7] e B o0 A 4
XTI, T8 IR A R® 5 25 1) AR Rk PR AN Logsig
PRBOM B R T I 2, 25 2% 2 3% 0y 005, LAAT 2
A JUAD 32 B 0 T 09 RAEAE R 38 040 18 B AR
i, M E RSO R 12,3 60, R 43512 022,032,
0.37.0.69 , g & BB RS 3 £ e 1) 6 4> B BEAT )i
£ N S 7 &4 € Y (B NS B €1
PEATIB S AR IR BN RS B 2R 5, dk S b A7 o 25 1)
B, H AR IR E—E I aOR B2, 2% 4 i B
1.4.3 /N et Al

i Fiz /N e R Y (Partial least squares regression,
PLSR)J&— &5 iz a7 br 22 etk 1l 5
B AR/ N Z 3R 01y 12 i A v, AR R By 2
SIoRHIWT B AL FERE S B S A AR ) L REXT 2

http://www.aed.org.cn



KT T RIS EAG DR X e U

202018

JEIE L 18] ) 22 5 [ AH S R T A B 5 R A 2808
B ¥y 2 [l A L0 A R AT e/ 3fe a3 Bt 22 i
WCE AT LR o3 , S BOGH R A2 S il A fi i ) 23
B, R E S R R A OGRS s
Z M SRR SRR, A ST PRI T 6 T,
I AR 5 Setde/ N —Ffeik 73 #r

2 HRESH

2.1 RAKIE
2.1.1 Zoc&ktERIA

SR 2204 A 00 U 3 37 R 2R B TR AR B DA A
SRR AS ST 4 R A A R R I RO
R* . RMSE %3 5] 7 0.98 .0.04 ([&] 4a) 5 K EFE A S0 42
Ao 5N A RS IR IR BE R . RMSE # RPD
435124 0.78 .0.10 12,26 (J& 4b)
2,12 NTHhE R4

I N T 22 I 5 A 70 37 4 R it B TR A8 5K
RS, R A 1) @ BORS 2 R RMSE 43 51| 4 0.69 .,

0.15 (&l 5a) 5 B iEAF 5h 19 5 1iE A B R . RMSE il RPD
394 0.67.0.15 F11.46 (& 5b) .
2.1.3 MR /N IR fbi Rl

TR AR ST 4 2R A I 4 R R Y A
K5 R .RMSE 4351124 0.70 .0.13 (&1 6a) ; B EAS i R?
RMSE 1 RPD 43514 0.52.0.14 #1 1.57 (& 6b) .,
2.2 RBEREELLE

2 T2 [l AR () A AL R 4K 0.98,
I UEREAS B3 2R BN 0.78 , A T4 25 00 28455 50 01 g
/N Ik AR A 1) SRR A RIS UEAE AR RS R
B T 0.5, 454 RMSE .RPD 454 HLAs, £tk
S CIWER s iTh 2 o= 4 N 7 R 54 e R
R TN T2 R4

3 g

S A BRI T 0 T IR S B BRI 0, [H ik
‘Bl H T A C-H N-H ,0-H %A A P 7>
Prete IR RRLE IR WAL S, SAYLR

1.51

% (b) B:EHS B Verification accuracy
oo =
<3 1.2r o
23

)
gguw
e

Z 06r
<05
® £ R*=0.78
H= 03 RMSE=0.10

& o RPD=2.26

O 1 1 J

0 0.2 0.4 0.6 0.8 1.0 1.2

R IE g kg
Measured value of total nitrogen content

E4 ZuEmEErsRmeaEE FEHEE

Figure 4 Nutrient index model of total nitrogen content established by multiple linear regression
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Figure 6 Nutrient index model of total nitrogen content established by partial least square method
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