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Abstract:  Objective Predicting soil nutrients by visible-near infrared (vis-NIR) and mid-infrared (MIR) spectroscopy has the
advantages of being fast, cost-effective and environmental friendly. Soil spectra contain abundant information of soil properties,
and can be combined with machine learning methods to effectively and accurately predict soil nutrients, which can provide
support and guidance for timely fertilization management. The objective of this study was to compare the predictive ability of
vis-NIR (350-2500 nm) and MIR spectroscopy (4000-650 cm™") for predicting both the total and available contents of soil
nitrogen (N), phosphorus (P) and potassium (K), in order to construct an optimal model for estimation of different nutrient
contents.  Method In this study, 500 samples were collected from the surface layers (0-20 cm) of the dryland in Guizhou
Province for determination of soil N, P and K contents and spectral analysis. The vis-NIR spectra were measured by Cary 5000
and the MIR spectra by Thermo Scientifit Nicolet iS50. Soil spectra were pre-processed by Savitzky-Golay (SG) smoothing for
denoising and standard normal variate (SNV) transformation for baseline correction. Partial least squares regression (PLSR) and
support vector machine (SVM) were used to predict the contents of total nitrogen (TN), total phosphorus (TP), total potassium
(TK), alkali-hydrolyzable nitrogen (AN), available phosphorus (AP) and available potassium (AK). Result The results showed
that: (1) Whether using the vis-NIR spectroscopy or the MIR spectroscopy, the prediction accuracy of PLSR model was better
than that of SVM model. (2) The accuracy of MIR spectroscopy for prediction of TN, TK and AN was significantly higher than
that of vis-NIR spectroscopy. Vis-NIR and MIR spectroscopy could reliably predict TN and TK(ratio of performance to
interquartile distance (RPIQ)> 2.10), while MIR spectroscopy could predict AN with moderate accuracy (RPIQ = 1.87). However,
both types of spectra had poor ability to predict TP, AP and AK (RPIQ < 1.34). (3) When the variable in the projection (VIP) score
was > 1.5, there were more important bands selected by PLSR models in the MIR region than the vis-NIR region. The important
bands selected for estimation of TN were mainly concentrated near 1910 and 2207 nm in the vis-NIR region, and centered around
1 120, 1 000, 960, 910, 770, and 668 cm™' in the MIR region. The important bands of TK were mainly distributed around 540, 2
176, 2 225, and 2 268 nm in the vis-NIR region, and around 1 040, 960, 910, 776, 720, and 668 cm™' in the MIR region.
Conclusion Therefore, MIR spectroscopy combined with PLSR model proved to be promising for accurate prediction of soil
nutrients, especially for the estimation of TN and TK, and can provide technical support for guiding timely fertilization.
Key words: Visible-near infrared spectroscopy; Mid-infrared spectroscopy; Soil nutrients; Partial least squares regression;
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AT LR 36.75~475.9 mg-kg ', A 5 R ECH 29%, WAL T 0.26~251.8 mg-kg ' 1 40.00~ 1480 mg-kg
5 TN ZZ 5 REAHIT; AP Ml AK SRIVKRE L, 70 ZIE, 225 REU10N 79.41%H1 54.37%.

F1 TR EHARERITHE

Table 1 Descriptive statistical characteristics of soil N, P and K contents

+- 4 )E
e R Max f%/MH Min F-24{ Mean PrifE2E Std 5 RELCV/%
Soil properties

245 TN 3.51 0.55 1.73 0.46 26.85

4 TP 10.73 0.11 0.91 0.56 62.29

240 TK 41.37 2.17 14.79 7.46 50.44
TfEA AN 475.9 36.75 150.8 43.73 29.00
R AP 251.8 0.26 32.30 25.65 79.41
B AK 1480 40.00 349.0 189.7 54.37

. TN, TP fil TK B98N0 H gkg', AN, AP Fl AK f#8A{;}y mg-kg'. Note: The units of TN, TP and TK are g-kg™', and the
units of AN, AP and AK are mg-kg .

R2 IBREBMESPIRERZTERAALLE

Table 2 Grading standards of soil N, P and K contents and the proportion of each grade

B A TN 4xf TP A8 TK
W &t
3% Grading/ T LR %% Grading/ Fr i L 4% Grading/ T LR
Grading index
(gkgh) proportion/% (gkeg") proportion/% (gkgh) proportion/%
M AfIk Very low <0.5 0 <0.5 3.97 <10 14.1
i Low 0.5~1.0 2.73 0.5~1.0 55.20 10~15 21.44
7 Middle 1.0~2.0 61.22 1.0~1.5 27.48 15~20 23.37
= High 2.0~2.5 27.92 =1.5 13.36 20~25 19.25
W47 Very high =25 8.13 =25 21.84
B TR AN AR AP BACH AK
WA &ty
3% Grading/ ST 4% Grading/ S o L 43 %% Grading/ T
Grading index
(mgkg") proportion/% (mgkg") proportion/% (mgkg™") proportion/%
M Afik Very low <65 0.26 <10 2.18 <80 0.54
i Low 65~100 5.07 10~15 4.16 80~150 3.18
1 Middle 100~180 61.71 15~30 25.66 150~220 8.06
=2 High 180~240 28.33 30~40 13.53 220~350 25.26
W Very high =240 4.63 =40 54.47 =350 63.96
2.2 HIENE ST 2a MR LT LLAMGTE BRI o £k, Bl

RGN, P K St RHOERIMAAFIEG  PCAIIN ., 7rT WG B T OGN MG R
E5E, MAEER 2 0 TN TP M TK W90 4brife, 48 s EZ0AMEBOLIE O R, BRI A K
AR TN, TP I TK &R0t WOt R, @lgig 17t S REAR LR i
ek (1&2). L SRS E AL B R, 7RO Y
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There are only four levels of TN content and no very low level.

2 R RO 2

Fig. 2 Absorption spectral curves of different N, P and K contents
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X B T KRR 05 R AR AE iy O
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X%, MEREGET] 0.86, SFEMHE PR BT EE R
—3; XFF TP iR, TP iRt (<0.5 gkg!)
PRI ARG, (E AT 1.0~1.5 gk ' BT
WOCREES T TP Stk (=1.5 gkg ' ); Xt
F TK M5, ASFSEY TK 2586 0 A4 I I8 S 34 (8
oM, Z5 A TN M TP B, {2 TK & &
IR (<10.0 gkg™' ) FEXF R ARG fem, At

|

FiE (=250 gkg ') FEGT R A IO B A

2b A LT AT DX A W 2R, 7 4000~
1250 em ' UL, JGIE RO BEAR LN 2%, 7E
3300 cm ' i1 1630 em ' FfFUT H B /DN R R Wi 0
WOCREFE 1000 em ' i PE T & 5 SRR R, 7F
910 cm ' fi1 810 cm ™" BFUT I WL S48 i 64 7/ e
W, e 780 em ! BEE I AR U4 , 7E 730 em !
BT TE B 4% . A FSE AT, 3300 cm ' BT
W B A AT BE S C-H B4R 45 4% 3l Al N-H (19725 i 42 3
A s 1630 em BT B WO RT B -5 3 P A R4
JKA 55 1000 em ™" BRI A9 W Wi b6 mT g5 266 - W A
H; 910 em ' A1 810 cm™ BT A4 Ik B AR fb n] fig 37 5
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iR G RO A RIS
23 TEFSTNEBENEESRKIE

F 39028 T R T AT UL LD AR 21 A6 ST
) PLSR 1 SVM 1Y {45 5L , ARG 5008 h e A
() 't R AN [ A5 75 (1SRO8, LA O 3 78 00 A ()
IR0 1 E AL T AT

#x3 ETFAIR-ELOSMNFARLIIN LR PLSR 0 SVM 22 j9#4 32 5180F

Table 3 Construction and validation of PLSR and SVM models based on VNIR and MIR spectra

) ) LirEX iz
i A N A e K A A A XU AR
Spectra  Model Pr‘e(:smn TN/ (gkg') TP/ (gkg') TK/ (gkg') AN/ (mgkg') AP/ (mgkg') AK/ (mgkg')
index
VNIR PLSR R? 0.61 0.09 0.58 0.47 0.10 0.11
RMSE 0.29 0.54 4.85 31.75 24.33 178.5
RPIQ 2.10 0.62 2.20 1.62 1.07* 1.34%
SVM R? 0.50 0.08 0.41 0.25 0 0
RMSE 0.33 0.54 5.74 37.79 25.61 189.8
RPIQ 1.84 0.62 1.86 1.36 1.01 1.26
MIR PLSR R? 0.80 0.11 0.92 0.60 0.06 0.10
RMSE 0.21 0.53 2.12 27.51 24.82 180.3
RPIQ 2.93% 0.63 5.02% 1.87%* 1.05 1.33
SVM R? 0.79 0.14 0.90 0.58 0.02 0.08
RMSE 0.21 0.52 2.40 28.13 25.38 181.8
RPIQ 2.86 0.64x* 4.44 1.83 1.02 1.32

. VNIR: A[UL-UT407MGi; MIR: fP4rshGi; PLSR: fRfe/h 3 lIT; SVM: SZffmEil; R*: Y€ R%0; RMSE:

TIAR 22 RPIQ: YR S PUArLAIBEZ 1o 1% RALR /R £ 1 55 43 TR B R LR AR BB, W] WL -0 £041D01E i SVM BRI AP
A AK (TS BE R 0<R*<0.005, “*”2&7R AN [ 35 43 A5 45t BT O 19 Jue e A B2 OS2 () RPIQ, % v (¥ BN 2 349 O B8 — 16 38 L IE
KiB . R, Note: PLSR: partial least squares regression; SVM: support vector machine; R*: coefficient of determination; RMSE:
root mean square error; RPIQ: ratio of performance to interquartile distance. The table only shows the accuracy index values of each soil

nutrient prediction model. The prediction accuracy of the SVM model for AP and AK in visible-near infrared spectroscopy was 0 < R>< 0.005.

The RPIQ of the prediction model with the highest accuracy obtained by different nutrient contents was shown in the table "*", and the

prediction accuracy in the table was the accuracy of the leave-one-out cross-validation. The same as below.

230 AJ DL-MT LT AN ) A XFF TN I TK,
PLSR 5 75 f FUAS BE RPIQ 4351124 2.10.,2.20,SVM
R ) A B RPIQ 43K 1.84. 1.86, PLSR 1
R TN AE S AR s XFF TP, PLSR Ail SVM 44 71
R TR KS B 2411, RPIQ 433 0.62, HL# N, P,
K ARG W TS B2, Forh DL AN B FRS B2 fe ey
PLSR A5 Y (14 F5 4% B2 /55 T+ SVM BEHY (1) F0MRS 2
RPIQ 434}y 1.62, 1.36; %+ AP 1 AK, PLSR Fll
SVM LA By F i 45 SR AL, RPIQ 4338 1.01~
1.07. 1.26~1.34,

EET A DR LD AN BT AL, N P

K 4 LA B0 /Y B0 B2 i v SRR R

TK>TN>AN>AK>AP>TP, PLSR #i%IGEGS T TN FI
TK PEA7 A EE AT ( RPIQ>2.00 ), {H TP LI N,

P, K ARSI BSR4 (RPIQ<1.62 ), A HL
JTAE AT UL -3 21 A1 B P A7 TR A [R] 04 435 At e 15 A
g, HAMREACIEM N ERIE, ARMF5EH TN A
PUBTRE DGPR3 W20 TN Ol RCR B i 5t
PR Al A 2300 AT -3 21 AM6IE T TN F1 TK
TR BCAS T AL 25 58, Debaene Z524%F AP FiI
AK A TIOR3, RP AR 0.5 ARAEHIS,
& 3a, PLSR 8 40L& i ZeAH L T SVM B A 5T 452
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