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Study on near-infrared spectroscopy model of soil organic carbon after biochar

addition and its application
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Abstract; Soil organic carbon (SOC) is one of the most important factors affecting soil fertility. Due to the characteristics of
highly aromatic carbon structure and developed pore structure, biochar can be used as a soil amendment to increase SOC
content and improve soil physical structure, which has become a research hotspot in the fields of agriculture and

environment in recent years. In this study, both traditional method and visible near-infrared spectroscopy ( VIS-NIRS,
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400—2500 nm) were used to detect SOC content in samples containing different amounts of biochar, in order to establish
an effective prediction model for the analysis of organic carbon in soils containing biochar. An optimal prediction model was
established for quantifying SOC content through three processes, including comparing different sample-selection methods
(Kennard-Stone, Random selection, and SPXY ), comparing various spectral pre-processing methods, and matching with
three models. The pre-processing methods included Savitzky-Golay smoothing (SG), log(1/R), standard normal variate
transformation (SNV) , first derivative ( Derl), second derivative ( Der2), and multiplicative scatter correction ( MSC).
The three models applied in this study were Synergy Interval Partial Least Squares (siPLS), Genetic Algorithm-Support
Vector Machine ( GA-SVM ), and Random Forests ( RF ). Results showed that; (1) SOC content was increased
significantly by biochar addition and was affected by the amount of biochar. (2) Soil reflectance decreased with the SOC
content increasing, indicated by obvious absorption valleys at the spectra nearby 1410, 1920, and 2200 nm. (3) Compared
with the three sample selection methods, the sample set divided by KS method was more suitable for the SOC modeling
process than those by RS and SPXY methods. (4) The model established by SG+MSC pretreatment combining with GA-
SVM method had the highest accuracy, with R>,=0.9526 and RMSECV =0.4839 in the calibration set, and R’ =0.8598,
RMSEP=0.9987, and RPD =2.6017 in the validation set. The model can be used for scientific prediction of SOC in

samples containing biochar due to its advantages of high precision and good simulation effects.
Key Words: biochar; soil organic carbon; prediction model; pre-processing; sample selection
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AR, m FoRBAEEREAR RN, SD TR BAFEFE AR EZ . RS B, RMSECV /)N, 3R BB RS 2 5 R2,
R, RMSEP /)N, 36 AR A TN R8s . 24 RPD<1.4 I, BRI A 2% | A& T SOC AT ; 24
1.4<RPD<2.0, KB AIOR — i, A LAIXE SOC #E47 ) S350 5 24 RPD>2.0 B, & BB RLSUR IS i T
SOC [

PR AG  S7 DA R I IE S5 T3 FE P /6 MATLAB R2018a Hdk AT, I br il 7 5 50 H8 4 i1 7€ Origin Al Excel
6

2 RS0 0

2.1 HEW B - A AL Y 52 e

VRT3 B, A H i i A= 9 e il AR &5 SOC 1 Bt AN () A= 40 o 8 o Ak 3L 1) 4 39845 ML 25 1 4
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Fig.1 Soil organic carbon content with different amounts of biochar
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2.2 TIEERCIEEE

3 A A B ) G S S R S AR LA 0er
AAOFRTS e G R AR, B 2 AT, SOC 7 i
K, R ATHRMN A0 TS S A IR, AR E B 05T
FHIBPIZRI , {E 400—780 nm HIRPREE, LR 2
RO TTAE 780—2120 nm (ORHRECLE, LRI & 04
BB, 2120 nm ZJR, U R AR FHERE o
o FE 1410,1920,2200 nm PRI AEAE IR WA IR LAY | X 0.3
JEF TAE 1410 nm JBOAT 1920 nm 1 BE £ Z R 7K 40 o , , , ,
WA | 3 A X 5 OH—3 F Rk 4 T 4R 3 A 5% 500 1000 15002000 2500
2200 nm WeBHHTAELE Al—OH YIS , 2 W1 20 LB Waclength/n
A A A R RR Eh AR P 2 RESETHEREHE
23 7{( Iﬁljlﬁljatﬁi ﬂ‘fﬂﬁ/ﬁﬁ‘*ﬁﬂ @ ﬁlé E‘J?ﬁ ﬂ[’n] Fig.2 Soil spectra at different biochar amounts treatment

ARATLLKS WA BRI i IF AL T 6 ik i
AR PR % 84 A HIERES S, T siPLS SVM RF BRI 3% 1—3% 3 O 3 RIASEHY (KpRG B P 45 51 . 7E siPLS
BRI AHE R R KR B/INFUTF N < A EE>SG>SG+MSC>SG+log(1/R) >SG+SNV>SG+Derl >SG+Der2,

val

I HH P ARG RE SG .SG+MSC Ay siPLS BRI RPD BT 2, 4305k 2.4079 2.2345 F12.1116, 1fij SG+Derl
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LI SG+Der2 [ siPLS A% RPD {E/NT 1.4, 40514 1.3000 F10.8176, 3% 2 B J5 Wi A 41 & ANiE A 14 SOC
T, R, ARG AT AN B S T siPLS B,

TE GA-SVM BRI iR 415 280 R2 KB/ 7 : SG+MSC>SG+og(1/R) >SG+SNV>SG>JF I i >SG+
Derl >SG+Der2, F:HBE T SG+Derl F1 SG+Der2 4 GA-SVM B[ RPD /N T 2 &b, A BIBIAIB K T 2, i
SG+Derl 1 SG+Der2 Y GA-SVM #RIf) RPD {5 HA 1.7714 F10.8621, GA-SVM A H13E A T/ IMEA E AL
17 FLiE S T )R fe /AME Y . SG +Der2 il Ab By v 78 ¢ 1E S o R B R 47, R, {H #5358 0.9991, RMSECV
0.0883 , H /2 7EFREAE H , R FIl RMSEP {6 A 0.0117 F1 2.2426 , 3¢ B i Ak B 5 vk iy 2 7 19 SVM AR AR (1) £
EMER 2 T i A IS,

TE RF AR A6 250 R2 KRBT N : SG+SNV >SG+MSC>SG> LA 1% >SG +log (1/R) >SG+Derl
>SG+Der2 , HiHt A SG+SNV 1 SG+MSC 1) RF #&I ) RPD {E KT 2,05k 2.4699 F1 2.2744, 7EF:T RF
ST B T ST i AN AR T A PR T i R I T AR ZE MBI RE . RF A AR IE AR
RORFIAAT AFJEAE I IR R — M, R T IR AR R h e A 22

F 1 siPLS {#REEEITM

Table 1 Accuracy evaluation of siPLS model

AbF HEIE4E Calibration set I UESE Validation set

Process R, RMSECV R%, RMSEP RPD
R 0.9133 0.6563 0.8338 0.8068 2.4079
SG 0.9039 0.6949 0.8102 0.8625 2.2345
SG+log(1/R) 0.9024 0.6839 0.7399 0.9891 1.9406
SG+SNV 0.8676 0.7972 0.7178 1.0317 1.8759
SG+Derl 0.7997 0.9820 0.4884 1.4743 1.3000
SG+Der2 0.2076 1.9737 0.0042 2.3659 0.8176
SG+MSC 0.8686 0.7935 0.7762 0.9316 2.1116

R:JEIA G Reflectance ; SG : SG -1t , Savitzky-Golay smoothing; SG+log( 1/R) : SG -t +81 £ i1 % 4, Savitzky-Golay smoothing + Logarithm of
the reciprocal ; SG+SNV ; SG V-1 + A5 1 1E 5728 8 46 | Savitzky-Golay smoothing + Standard normal variate transformation ; SG+Derl : SG V-3 +—Fi &
%4, Savitzky-Golay smoothing + First derivative ; SG+Der2 ;: SG “F-1F + B F 44 , Savitzky-Golay smoothing + Second derivative ; SG+MSC ; SG - +Z JLHL
JHIE , Savitzky-Golay smoothing + Multiplicative scatter correction; R%, : A% IE4EHEE R4, Correlation coefficient of calibration set; RMSECV . £% IE£E)

FHR1RZZ , Root mean square error of cross validation SR CISIFAE P E BB, Correlation coefficient of validation set s RMSEP ; 5 IE 52 4 5 MR 12 22 | Root

val ¢

mean square error of prediction; RPD : HXF 43 #7115 2% , Residual predictive deviation

&2 GA-SVM #EEGEE T
Table 2 Accuracy evaluation of GA-SVM model

s B IE4E Calibration set BHIFAE Validation set

Process R%, RMSECV R%, RMSEP RPD
R 0.9984 0.0914 0.835 0.8103 2.3397
SG 0.9858 0.2626 0.8383 0.7885 2.4152
SG+log(1/R) 0.9755 0.3441 0.8477 0.7613 2.4989
SG+SNV 0.9575 0.4579 0.8414 0.7908 25111
SG+Derl 0.9988 0.0852 0.6817 1.0713 1.7714
SG+Der2 0.9991 0.0883 0.0117 2.2426 0.8621
SG+MSC 0.9526 0.4839 0.8598 0.9987 2.6017

1E LR R H Fef siPLS (GA-SVM Al RF AR 4N & 3—[&] 5 fiis, 7B 1—3£ 3 W1, GA-SVM A& 5 i) i
M PEREPL T siPLS B A RF B, I HAE 3 FpBIRI ST SG+MSC J7 vk iR RPD {H4R = T 2.0, JC
HAE GA-SVM B8 rh RPD {2 2.6017 , R WIZAE R B A WA 1) FPERE . X T SG+Der2 J5ik , siPLS £ IE%E
PR B — i, TSR A RO A AN, 17 GA-SVM SR RF 42 1F AR AR 70 A ARORS AR (L2 T A2 75 (1 13
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MR I A, Pz 250 R2 (AR, EL RPD {E/INT 1, 8 9% 07 1 /S B 5 w2 M2 200 0055 1 | 9T o7 F 0 R
3T SOC BT, 75 3 AR (18] 3—[ 5) b, T e -5 00 (1 = [ 3 LA BRI A AR 561 . R
KBV INEINGF  : siPLS>RF>GA-SVM . ML HUSCR SR 154047 , siPLS B HET T 1, B2 i S (RS B R )
U SERIATE 1.1 B2 GA-SVM BRI 78 6—10 g/kg 1 - HERE 5 9 WU 0 A s RE BRI epy | 15
SiPLS MR A, (LR B/ INA AT LB 2 i 0 L R b R R oI 25, Bk U, 3 T SG+MSC 7
PETAL PGS | LA GA-SVM 7 i a3 (R TR0 (6 45 T A A0 060 TIE 2 0005 38 A0 o, PR LHG 2 780 o ) 1 A W e
HEMY SOC RS HETI

#3 RFEEBETH

Table 3 Accuracy evaluation of RF model

Kb 2 IE4E Calibration set IIFAE Validation set
Process R%, RMSECV R%, RMSEP RPD
R 0.9575 0.6110 0.6851 1.1229 1.7257
SG 0.9555 0.6121 0.6760 1.1292 1.7305
SG+log(1/R) 0.9586 0.5970 0.6572 1.1500 1.6891
SG+SNV 0.9592 0.4823 0.8363 0.7975 2.4699
SG+Derl 0.9635 0.5204 0.6230 1.1901 1.6282
SG+Der2 0.9465 0.8182 0.0027 2.2032 0.8932
SG+MSC 0.9610 0.4687 0.8559 0.9040 2.2744
16 16
FRIE4: . A LN o

£ 4t 14
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2 10t * 10k
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= " y=0.9677x + 0.344 s a y=0.9062x + 1.023
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6L 2R . RPD =2.4079
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Fig.3 Accuracy evaluation of optimal siPLS model

2.4 AN[FEIREASTERRE 7 15 X B Pk RE Y 52 1)

FE b — TR A L 8 SGHMSC Ji Ik AE Ry TR 35 R FEAS [RIAE AR 36 45 5 1 XA R BB AR 52
£ siPLS AU RS HEARKERE i e R4k R, (AP 0 55 T KS 7 iF1 SPXY 7k, IF H RS HEARBESF 7 ik
P ST B Y RPD B AR LT 2.5  BERIF0M 25 R ABLAT i SPXY AEAS R85 1 vr AR BY (i R 2L RD M
A, HA 3BT 25 RPD (ALK 1.6009, 7 GA-SVM BB RF BB rf | KS FEAS e 5 1 B g 57 Al s 754 B
AT HAPIRREA LR 1, H RPD {EHE T 2.0, i SPXY J5 %I AE F T B8 | BT 2 7 A A 0 i 45
Btk s BRI AT , AN T SOC Fll . RS Jrik e —FhBEALRE ARS8, 071, 18 Az ik TR AR BE 4
IR AR 22 5, B D REA IR RO 22 S R, TER 4 PRSI A AL rp | L KS 7 R 0 FEACEE | GA-
SVM #1777, R2, Fl RMSECV {E4 0.9526 F1 0.4839, 4L RY, il RMSEP {4 0.8598 #10.9987, H RPD {H
g 2.6017 , F AR RSO 4 . FEARBFSE RS J5 15 38 FH T siPLS #5051 KS 7 ¥ 8@ F T GA-
SVM A ELFN RF #E7  BART 5, KS 3RS T RS J5 A1 SPXY J5 ik 5 M A AR 4 5 1 3% SOC B
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£4 REBALEHN RN SG+MSC HEHAFETH

Table 4 Accuracy evaluation of SG+MSC method model with different sample selection methods

R ﬁ—zkﬁ?’%ﬁ% A2 IE4E Calibration set BHIEAE Validation set
Modeling methods Sample selection ) . ) .
methods R, RMSECV R, RMSEP RPD
siPLS KS 0.8686 0.7935 0.7762 0.9316 2.1116
RS 0.8796 0.6950 0.8431 1.7142 2.4989
SPXY 0.8722 0.8135 0.6623 1.0666 1.6009
GA-SVM KS 0.9526 0.4839 0.8598 0.9987 2.6017
RS 0.9837 0.2604 0.7775 1.5389 1.8631
SPXY 0.9904 0.2284 0.5569 1.7150 1.2919
RF KS 0.9610 0.4687 0.8559 0.9040 2.2744
RS 0.9625 0.4253 0.7773 1.4563 1.5582
SPXY 0.9644 0.4519 0.4444 1.5707 1.1620

SiPLS : 264 8] B i e /1> e A , Synergy interval partial least squares; GA-SVM . AL A S A i B ALY | Genetic Algorithm-Support vector
machine ; RF ; B/l £§ #& i , Random Forest; KS: KS ok , Kennard-Stone ; RS ; fifi #Il i PeEk , Random selection; SPXY ; SPXY ok , Sample set

partitioning based on joint x-y distances
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