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Study on visible-near infrared spectroscopy for detection of available phos-
phorus in soil
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Abstract: The soil available phosphorus is an important index affecting the growth and development of crops, and
the quantitative estimation of the available phosphorus content by using visible-near infrared spectroscopy can provide an im-
portant basis for accurate fertilization. The visible-near infrared spectroscopy data of farmland soil samples were collected
and there were 179 soil samples. On the basis of the original spectrum, the Savitzky-Golay convolution smoothing, first de-
rivative, second derivative, standard normal transformation, multiple scattering correction and dislodge tendency were used
for preprocessing. Then the visible-near infrared spectroscopy was divided into two wavelength range (400-850 nm and
950—-1 600 nm) and the partial least squares regression and least squares support vector machine regression models were
established with the whole band. Results show that the pretreatment effect of Savitzky-Golay convolution smoothing combined
with dislodge tendency was the best. On this basis, the least squares support vector machine model established in 400-850
nm achieved best results, the decision coefficient of validation set was 0. 78, root mean square error was 3. 79 mg/kg, rela-

tive analysis error was 2. 17. Therefore, the spectral quantitative analysis model of soil available phosphorus was established

by using the least-squares support vector machine

Y fm HH#3:2018-11-19
EEIW B Al 89487 i H (2015744 ,2016-X34)
FEE®A T 11(1995-) B BEF, B-LRFg0/E £ 5% available phosphorus was realized.
T HE RS A S OGRS AT S, (E-mail ) 2928676905 @ Key words: visible-near infrared spectroscopy;
qq.com soil available phosphorus; least squares support vector

BIVEE . 225, (E-mail) shwli@ ahau.edu.cn machine

regression model, and the quantitative estimation of soil



J7 1A OO T -1 2L A Ty vk 1113

TR (AP) T B S RIEMNAERKEE
YIS R RAEY A K ad AR R AS T Bl 1Y) 5 97 00
K, BEERFERANF AN LR, L3 AP &
ARSI 5 1 o0 T it MR AR ) i AR A — A Bk A%
Kl 3% AP & AURE T LR RS
7 ELGPRS e A O 3 R s B e U 144t
(RS2 00 2= A 24T AT 38 AP RAURERT 2% 77, 1
HACRAL, S5, Gk A AR —Fh sk
TR ik B )z 38 T B3R R b, HAL
REE,

O ARG 45 SR 2R B, vl - 2T A AR
AT 48 AP (5 A, 2R AR ) s #ec /)N
TR (PLS) HESL T AP B U ) 3 2T A Sy
BRI A0 A A G R AGR#] T 0.87, Hu %7
FAH 1g(1/ R + BB I — b+ TP A 8 BT 1 +
BEHEEAE S HE (DOSC) %1 5004 + HEREAS 1y %k
Pt PE AT AL B, SR FH v /N — 3 015 ( PLSR ) & 57
B WF5E R IAZ ARG B H % 05 BLJ 2 > 2R
T DX 11 = HEAE A v ) SO ORI A ) N
. Ramoelo %5 I FH IR 0 6 1% 1 B R X v 6
% I R 2 el DX 374 el 5 it 2R AT RS 0, SR
FE LA e/ R vk A N7 M e TR AR A
DU P 2 b 1 BEAHOC RBGA B T 0. 80, B i i 22
47°0.03, HU 5" FF M2 HLA M RAE R 448 173
TR, 75350~ 2 500 nm X I EE 7 AP /D
Fe [l A AY A XF o A7 i 2238 8 T 2,82, BEAILT
SOV PLSR HEST (0 7K RS - 4 il D' 33 sz 5 45 7
FIARSIE TR 5 Rk 0.85, 28 LR IE R & R B N
0.70, MXH3HriR2ZE RPD - 1. 8, HUi5 T R IF- 1Y
O RLA . Yu S AR & 30 S3E 5 105
A EREATEATIN E | 2R FH O 5 /> — 3 [] I 2 7
SO [ DA TR | OSSR A X e 22 T 2 g ) )
Fi e /I — 3¢ 37 5 ) HE AL (LS-SVM) #£900~ 1 700
nm DIGE T AP [ B AY, T 00 A 56 RBGR R T
0. 86, 7R 2% K 10. 88, Qi &5 | SC 86 &= 4%
AR AE R S5 (400~1 000 nm) ¥f 145 AP 3
FFT0, AHAT 43 BT 2% 2. 23, HAT L, 7E S N 4%
PR AT LS A EE R X e AP FEF T Ak

AW FE LA BE G- S 7 MM AR X | 52 30 EL AR o
B =X CE) MR IX (BRI B ) | ik T
BYAh - HERAE = NI OGRS A B —
FIN T AR WFFE S AL BRI BV Bl 5% DL R [m]

TiVEAF EALER AT XS AP FNKS BE A5, R R L
AP Y A] UL 150 R T A I T5 3, D iz X
TACAE B AR B S =%

1 ARSIk

1.1 HARESH&E

T IEREACR AR T 2017 4£9-10 A 7EfEdtit
XTFJE , I F 2O 2 R N KRR AR
TZH X FEELAAE D =X, RIS SR AR i 4 rp K o
ERAG, REERE H0~20 cm, G LB A H FEFFAI

) R A 179 1, B EFAMR AR B A
[l SEG % RS S IR T AT I )
Ui JE X A A S8R AT XU Ab 38 B S BF S ok
20 HIf .,

- U B R A TR SR B -AH B P oy
JeeREI E
1.2 RifERE&E

PR =N SRR E RS (B 1) REL
HOLE , 28t OFS1700 Y634 (350~ 1 657 nm)
SR AL (RN, R B ) R4
B, K T S 2 ) I — 5 ok e i
B (38, 0 IR KRR ) | P SRRk (FEAR
Sk BB TR 25— AR R R 3kt G 55 1 o A 0 Rl 4
SCHIRRANE , [ A48k A S TR T 8 DA P AR B BB mT AR
FNEICIEABEE A, R BERT B A 38 A TR =
S0 ARGk S A ORGSR LR RZ IR ) 5K 1 4
FEAR, 55 1E 264 A0 ' , R FR AT RS0 42 il
AT ERERAE , A AR AR i 10 2060, B
FCHEAE R - IEREA R ARG
Fei L

7/

A HER
(AELH)

TAE

Bl1 ENERERERL

Fig.1 The indoor hyperspectral acquisition system
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Table 1 Statistical analysis of AP content in soil samples

Seitfatn e

SRR JEg e S IUESE
AR 179 135 44
H|ARM (mg/kg) 34.96 34.96 28.51
1/MAE (mg/kg) 0.03 0.03 0.09
S (me/kg) 10.34 10.82 8.86
FrfEdR 2% (mg/kg) 9.34 9.65 8.23
firs BE 0.91 0.80 1.25
e iy 2.61 2.43 3.31
8 5 R 0.90 0.89 0.93
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Fig.2 Original spectrum of soil
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Table 2 Prediction results of spectra after PLSR combined with different pretreatment transformations

PN BRIE RS FD SD MSC SNV DT SG SG+FD  SG+SD  SG+MSC SG+SNV ~ SG+DT
i REL 0.59 0.17 - 0.54 0.50 0.60 0.68 0.66 0.61 0.65 0.65 0.69
¥igriRas 5.24 7.40 8.61 5.49 5.78 5.12 4.58 4.75 5.05 4.81 4.84 4.50
(mg/kg)

X HTRE 157 1.11 0.96 1.50 1.42 1.61 1.80 1.73 1.60 1.71 1.70 1.83
AR B 9 3 1 8 8 8 8 3 5 11 11 10
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AT HE P A 8 Jir 0 3 SR R ok B v AR A R A MR
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#E7Y) PLSR 588U ) 850 R e 4, HLAR R B v 45 i
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(1) PLSR B ) 850 R o 25, 55 0 HL A 4 2 1) TU 00
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*3 ETAEKKRK PLSR 2R
Table 3 Result of PLSR models based on different bands

S W ki B

(nm) P WERM WRE (mgkg) MAAHIRY:  RERM HFRE (mgkg) MMM
400~ 850 6 0.84 3.83 2.52 0.70 4.44 1.85
950~1 600 11 0.76 4.72 2.04 0.56 5.40 1.52
B 10 0.80 4.32 2.23 0.69 4.50 1.83

2.5 AREIKEKB LS-SVM B4

[ RERE 1 35 JF AR 6 1% SG+DT ikb B AR 4 J
FGTE 2 R 2 A 61 IX 38 (400~ 850 nm F1950 ~
1 600 nm) FI4 U B 537l 457 LS-SVM AT ARl £
WM Fatn Sk 4,

A 4 T R 400 ~ 850 nm I BE G E
FATAY LS-SVM FE I F950~ 1 600 nm I B Al 4=

x4 ETAREIKEH LS-SVM #RER
Table 4 Result of LS-SVM models based on different bands

W BOGTERCE 2E 5T 1Y LS-SVM AR TR (7% T8 0 2k %, 2K
1T PLSR B8 R FH950~ 1 600 nm I B 1 1E %k
PEEEST /Y LS-SVM BEAY [R] A HUAR: 1 AH X A 22 1% Pt )
R, FET400~ 850 nm I BL Y LS-SVM A5 5 (1) i
TSR T I T H AP Be Y LS-SVM BEARLE iy T
T 1E400 ~ 850 nm A 7K 43 W St W ISC s Bt , 32 7K 43

SN

S AL YRR
i

(nm) e AL ¥IhiR%E (mg/kg) AN AT M iR 2 e AL ¥)iR%E (mg/kg) AEXT o b i 22
400~ 850 0.82 4.12 2.34 0.78 3.79 2.17
950~ 1 600 0.82 4.04 2.39 0.69 4.52 1.82
B 0.83 4.02 2.40 0.76 4.01 2.05

2.6 PLSR ###UF0 LS-SVM #& &I Lb %

Fbd e 3 Aig 4 I, 3£ F400 ~ 850 nm I B
SEY 2 FPARE AU ER AR T S AL AR . T 400~ 850
nm Y% BT Y LS-SVM RIS T s A4 il i R
HLS-SVM A1 B8 UE SE A R® = 0. 78, RMSE = 3.79
mg/kg,RPD = 2. 17, B B B A B 4 19 75 I fE

35

= 30 =

=<

& 25

£

= 20
£ s
=
=10

2 RMSE=4.12 mg/kg

RPD=2.34
0 5 10 15 20 25 30 35

APSEME (mg/kg)

LS-SVMAE AR PEREREAR 2L T PLSR B4

&l 4 J& 5T 400~ 850 nm I B H 7 Y LS-SVM
R R AR RN IO UFAE 1Y AP B S2{E 5 TR0 %) B4k
R NE 4 sl A AP TIU R 7R #E AR G
TS, 5 1 AP S SH00 g B 25 AT G .

300 b
o 25+
=
g 20r
m 151
E o 2 R=078 .
by st RMSE=3.79 mg/kg
< Soe © RPD=217
1 1 1 1 1 |
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a: 3T 400~850 nm JE B HNT Y LS-SVM AR HEAR AR (1) Bkl & i E S S H0(EXT FL s by 22T 400~ 850 nm JEBE# A7 1Y LS-SVM 457
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Fig.4 Prediction effect of soil available phosphorus based on LS-SVM model
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