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Fig. 1 Research field and distribution of sampling sites
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Table 1 Descriptive statistics of soil potassium content
N . FEA KL bR .
4w Kol 5 Sl /A i INIE] S R
Sample Standard
Soil property Data set Mean Minimum Maximum CV (%)
number deviation
S 120 13.52 1.82 10.88 16.50 13.44
LHITK (gkg!) K E&E® 80 13.55 1.83 10.88 16.50 13.51
oA S 40 13.46 1.81 10.97 16.31 13.45
e 120 176.58 38.14 117.2 304.87 21.60
HALAIAK (mgkg™) K IE4E® 80 176.69 38.48 117.2 304.87 21.78
KEAE® 40 176.36 37.94 118.9 279.00 21.51

(DTotal set, @Calibration set, @) Validation set
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Fig. 2 Absorption depth curve of soil spectral bands
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BAL, B4 Y 22 TR Pk BB (RS IE R A T
0.606 ~ 0.766 2 [1], i 2 A4 119 22 70 2k M [l I A5 7Y
HIAZIERIA T-0.560 ~ 0.646 2 1], {5 4 4 4> s 7Y
R ISR B AR T AR

R2 ETHELEMLRAESES T&EEFER

Table 2 The multiple linear regression model for soil potassium content based on characteristic spectra

o . . WeiE
+ 4 E TG AR e B L
Calibration
Soil property Spectrum transform Waveband (nm )
R? RMSE,
SSRY 1930~1990, 2380 ~2 400 0.766 0.088
DSSR? 710 ~720, 750 ~780. 810, 960. 1050, 2 370 0.773 0.087
EHTK N
BD® 920, 950, 2240~2290. 2310, 2360 0.629 0.111
DBD” 1490, 1980~2050. 2210 0.606 0.114
SSR” 1960 ~1 980, 2340 ~2 400 0.602 24.12
Y 1160, 1380~1400, 1840, 1870~1 880,
DSSR? 0.646 22.77
‘ 1930, 2330, 2370
HALHAK 5
BD” 2240 ~2 320, 2360 0.560 25.36
. 1130, 1160~1170. 1400~1410, 1870~
DBD" 0.642 22.88

1880, 1920~1930, 2370

e OO %, @ EHOL SRy, @WBIRE, @WEBIRE—Miy, S IRMSE S0 g kg™,

HJRMSE (i hmg kg™ Note: (D Soil spectral reflectance, @ First-order differential of soil spectral reflectance, 3 Band depth,
@ First-order differential of band depth.The unit of RMSE, of TK is g kg”', the unit of RMSE, of AK is mg kg’
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Fig. 3 Distribution of regression coefficients over the entire range of wavelengths obtained through partial least squares regression

(PLSR) modeling for TK
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0.494 ~ 0.548Z [, RPD,, T 1.405~ 1.4882 ], ACREFEA T 1B A% B 2 BRI A 53
*3 ETFAER TR EPLSRAEERE

Table 3 PLSR model for prediction of soil potassium contents based on soil spectra

o " N " HIE 2 XYk
d g )m TG AR 4 VLW o -
Calibration Cross validation
Soil property  Spectrum transform  Principal component number
R: RMSE, R, RMSE,,
SSR; 10 0.873 0.065 0.778 0.087
SSR,) 8 0.839 0.073 0.746 0.093
DSSR;, 6 0.856 0.069 0.783 0.086
DSSR, 6 0.865 0.067 0.789 0.085
SHITK
BD, 7 0.865 0.067 0.786 0.085
BD, 7 0.862 0.068 0.788 0.085
DBD,, 6 0.877 0.064 0.822 0.077
DBD, 6 0.879 0.063 0.821 0.078
SSR; 6 0.718 20.29 0.585 24.95
SSR 7 0.695 21.12 0.545 26.13
DSSRy,, 3 0.681 21.58 0.611 24.14
DSSR,, 3 0.678 21.69 0.620 23.85
HAAHAK
BD, 3 0.537 26.02 0.481 27.89
BD, 3 0.478 27.62 0.422 29.43
DBD,, 4 0.676 21.77 0.554 25.86
DBD,, 4 0.570 25.08 0.498 27.43

T RPTFARDFR MR, Q)RR R EH I B, 2WIRMSEMRMSE, Mg kg™, B YRMSE X RMSE, 0L
mg kg™' Note: Subscript (1) and (2) stands for the entire band and the significantly related bands, respectively.The unit of RMSE,
and RMSE,, of TK is g kg™, the unit of RMSE, and RMSE_, of AK is mg kg™’

http: //pedologica. issas. ac. cn



332 + g

C I 55 4

X4 U B O 1% R 835 AH G I B d s Y
A R PLSRAG S A B G GIE T S, A 25 A
O BT £ 37 AR 5 4 I B O % A ST 1 5 A
R’.. RMSE,.. RPD, (HIEH #30, ULHAPI & 11
BRI, T RS RME, 4206548
ST R PLSREEA R A T0.869 ~ 0.908 2 ] ,
PJRTF0.85; RMSE, S~ F0.054 ~0.065Z 1], iz
/INFHME; RPD, A T2.750 ~3.310Z [0, mAT
2.0, VLTI A AL 0 O AR A, ReiEAT
SR A RS TIO , AIE R TSR T L
BOATA, PIRPRCRY & TSR B, DAY L
BRGE o HE— 2543 HT LA v R AR K 0 8 R e £
(& ADBD A FH A8 f g vy AR, HRY KF0.9,
RMSE,. %5 70.054, RPD, % F3.310, #£IWS%
Y Ry e A, 30 3 S A3 A T R A T A A A I 2

B R Rn, MR LIDBD i [ A8 & HE 37 1)
PLSRHEA ( PLSR-DBD ) J&flif i 45 + 44 & &t
W) fe FEAR Y, T LABD Ry [ AR f: 7 A A AR A AR
RIRZ o S Bt A AR 1t fE 37 Y b Sl Ak
PLSRA AL B iE 45 R Al A1, SR 0 s8R A 2 AR
4, R;.}0.450~0.619, RPD, H1.383~1.619,
FHXTEE /N, MIRMSE Kb F23.14 ~27.79Z 1], %
ZERR . WEAT I, Sk e 2 J5, BRI i
DK BE AT B v, U B A A8 4 A R T+ 8 3k
PN . LADSSRK H A8 it d 7 I PLSRIE AR,
410.619F10.595, RPD,  A1.619M11.572, &k, ifi
RMSE, . }123.14H123.83, e/, LG IEAL Y4 T
ZHAT AT, LADSSRy H 72 i {7 I PLSRASALZ Ak
B - S A B o ) AR AR R, (HR A R T
A S RS A, KRR A R DR

R4 TIEWMSEMERIUMLIELR

Table 4 Validation of the models for prediction of soil potassium contents

TR el O A %1iE Validation

Soil property Model Spectrum transform Rzpre RMSE,,. RPD,,.
SSR 0.685 0.100 1.787
DSSR 0.793 0.081 2.206

MLR
BD 0.490 0.128 1.396
DBD 0.389 0.140 1.277
SSR; 0.879 0.062 2.883
SSR, 0.870 0.065 2.750

LHITK

DSSR,, 0.869 0.065 2.750
DSSR, 0.877 0.063 2.837

PLSR
BD, 0.884 0.061 2.930
BD, 0.882 0.062 2.883
DBD,, 0.908 0.054 3.310
DBD,,, 0.907 0.054 3.310
SSR 0.494 26.660 1.405
DSSR 0.548 25.183 1.488

MLR
BD 0.502 26.429 1.418
DBD 0.506 26.343 1.422
SSR;, 0.480 27.003 1.387
SSR 0.583 24.197 1.548

TN “

DSSR,, 0.619 23.137 1.619
DSSR,, 0.595 23.833 1.572

PLSR
BD, 0.480 27.022 1.423
BD, 0.450 27.790 1.383
DBD, 0.616 23.214 1.614
DBD, 0.517 26.041 1.439

e BP TR EREWE, Q)RR EHICIE, 2MMRMSE, 0 g kg, HAH WRMSE,, H07 Fmg kg™ Note:
Subscript (1) and (2) stands for the entire bands and significantly related bands, respectively. The unit of RMSE,, of TK is g kg™, the

unit of RMSE . of AK is mg kg™
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Hyperspectral Model for Estimation of Soil Potassium Content in Loessal Soil

LIU Xiuying' SHI Zhaoyong' CHANG Qingrui’" LIU Chenzhou' HUANG Ming' GU xing'
(1 College of Agronomy, Henan University of Science and Technology, Luoyang, Henan 471023, China )

(2 College of Resources and Environment, Northwest A&F University, Yangling, Shaanxi 712100, China )

Abstract [ Objective ] Soil is the important carrier of agricultural production, while the potassium
in soil is one of the nutrient elements essential for plant growth, so it is very important to quickly and
accurately assess soil potassium content in farmland. Conventional soil potassium content determination
methods are expensive and time-consuming. The visible and near infrared reflectance spectroscopy (VIS—
NIR), which possess the advantages of non-destructive and rapid detection, has been a useful tool for
quantitative analysis of soils of numerous attributes. The object of this study is to investigate feasibility to
use the visible and near infrared reflectance spectroscopy in estimating soil potassium contents in the Weibei
Rainfed Highland. [ Method ] A total of 120 loessal soil samples were collected from the farmfields in
Qian County of Shaanxi Province for analysis of total potassium (TK) and readily available potassium (AK)
contents in lab with conventional chemical methods. Reflectance spectroscopic data of the soil samples
were acquired with the SVC HR-10241 spectroradiometer. Three types of pretreatments, including First-
order differential of soil spectral reflectance (DSSR), band depth (BD) and First-order differential of band
depth (DBD), were adopted to amplify the weak absorption characteristics, eliminate noises in the system
and external disturbances. The continuum-removal method was used to extracted band-depths (BD) of the
soil reflectance spectra and based on correlation analysis a model was built up for prediction of TK and AK
contents in the loessal soil, using the multiple linear regression (MLR) and partial least square regression
(PLSR) methods and validated with independent samples. [ Result ] Results show that the multiple linear
regression model based on DSSR as independent variable could accurately estimate TK contents while the
other multivariate linear regression models could not do TK and AK contents so accurately. Comparison
shows that the PLSR models were generally higher than the MLR models in prediction accuracy. The models
built up with the PLSR method incorporating the 4 spectral variables, could estimate TK content accurately,
specially the PLSR model based on DBD as independent variable, of which coefficient of determination (Rire)
of the validation set was > 0.90, root mean square error of the prediction (RMSE ) was 0.054, and residual
predictive deviation (RPD,,.) was 3.310. The PLSR model based on BD followed. However, the PLSR
models based on the 4 spectral variables were relatively low in calibration and validation accuracy and only

some models could roughly predict AK contents. The PLSR model based on DSSR as independent variable,
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with RPD,,, being 1.619 and 1.572 was the best for accurate prediction of soil AK contents. [ Conclusion ]
All the finding in this study demonstrate that the visible and near infrared spectroscopy coupled with MLR
and PLSR can be used to predict rapidly and accurately TK content in the loessal soil of the Weibei Rainfed
Highland, but only roughly AK contents therein.

Key words Hyperspectrum; Multiple linear regression; Partial least square regression; Loess; Total

potassium; Readily available potassium
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