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FANN J7 ik vy 1 A AL R4 ALY, R IR
PCA-ANN 41 & #5700 14 2 450 390 00 KG B Je 705 5 P 2 51 450 i o
AH 43 B 285 G /N B2 25 MR 7 46 140 P G P 58 1 R AT I8 B A 1Y
Pz ) 4 A WM BB R® g 0. 75, 20 40K, % 18 2 5
i B AR AR R B S8 . LA IE I G B R AE 3R
Iy i T — & iR . McCarty 550 43 546 F NIR Al
MIR & S I i 57 1 4 e B e Al JC AL B 00 A 7Y, 2%
F ] MIR S 09 BUM RE /) 58 T NIR, HJFFE 2 MIR 3B 5
TIEARRPE R B 2, AR, BN E R s E R
SR A A R P T T R T — e A . R AT B
%% 7 VNIR. MIR Hl VNIR-MIR = fji 4 [7] 3 Bt G %f 1 A
MU A U0 RE F7» J B L MIR ik B 8 A% R0 B 5 Gomez
B0 P o IR T R 20 AN RO R R . S i B B
B b TN A A PR R TR ML . 124 1k, KT A A
B G U A oY A D T WO A A B, AT
e £ AP U B AR S BIF ST EL b i b 20 A O S AR 4T T DL OG-
2T A B B R 22 I BB . BOUR TR R AT A Rk
TR RRLE , BRARER IO, SRR ERCE, 2ot
7 T 4 A T T TRT 0 ) 5 [ A

gi b, LB b X iR 2 BT AR B R HE B A
HAENIRX, RHAIELSA S ENOIRAE T, BET%E
PRI A 1) R P 2L A0 O 3% S S R R R R e A AU
X R IG AT AL B, FIH PCA F1 SPA X563 $ 4l v 17
W4k, iz il PLSR. SVM. RF Fil BPNN P Ff )y ok i@ 57 4 4
REmBINERE, BIERVIAF 2R & LR 20508
FRAE 22 55, B A 398 4 7R 40 A0 3 1 sk s B O e —
FhE RN AL AN U R A T v A — RS A ) LA
RO M PLLIGRETMB R, P2 oG/ LS A&
TR 9 B B — IR IR IR S AR S %
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1.1 SRR

B AT E VG AR . AR WL S o b g R g
I, SRAE X AL T 56 BT 5 5 b X BT RO 4 B (39731 —40°
50'N, 79°45'—81°05'E) . il g H (10°52"—42°15' N, 79°
28'—81°30'E) . il B (40°45'—41°45'N, 80°55'—82°43'E)
D J% i Hb DX R FR O B (34°22"—38°27' N, 78°00'—80° 30’
E), BFIsiipih XA F R ILF AL B A &, WAt m
MR, T, FEHREKE 68 mm, FZE KA 1 200~
1500 mm, JERFHFRLE, BRIEZEKR, BRIRW T2
o, FOF X LR © 1l 5L = RS A JUie B R 4
M, A AL, SR T AEEBEOK & 35 mm, 4R
KKk 2480 mm, AL, AEFEH, BREZEX, BE
TR AR vty T T A . T M T I S AN AR L R
+ KRR, B, BRI E . AR TE
EoKL NE L RBEREY .
1.2 tEHRRESUENE

SR T 1) A 5 DA T A 3l IX 3R B2 246 A4S 3R)ZE (0~20 enm) +
AR, LAESR M AL SR AR RN A S 28 B 43 0] Ok BT R £

H 60 MR L AR, RIS 44 DOKFE LR, lmE 97 A
KAE R BRI 45 AR R AR SCRIERY 1
kg FIRE SRR T B B4, MFR 8 I0 g5 o SRR A Y 3
AR PR A RBREN R FE(GPS) L FE, M HIRE/NTF 5
m, ARG IR NS AT, BRI R TR M S MY 5k
WA R, ISR 515 0O g o8 H oy )i mi . — i 2
mm i, T =N E, — i 0. 25 mm fii, HTEN
AHEWE .
1.3 TEXEHERERTALE

MIR Y& & i ] Agilent Technologies (3 [E) 2\ & 4
721 Agilent 4300 F-47 2 FTIR SGHEAL, I 6 15 36 F A
4 000~650 cm ', SRFEMEFEH 0. 47 em ', iy B 4
em ', BRI FI ARG 32 Y. W G BT AR L AE 45 TCHET
24 hy ZBR SRR A P K s G K 20 X D T I RE /Y R
Z I FHEAT MIR SGE I & . A ok 1 =2 1 AT AR IE
FEASFEA 10 WOBHE . HECT W IE 15 2% LA 2B =
LIE SN S Cip

1 MIR i 22 B i 4% e 5 BRI B, R B 4 000~800
em BV B IS BdE . SR Savitzky-Golay (SG) -1
X B S AT Y AL FR AR BEAT B R E U — fk (maxi-
um normalization, MAN) Fi4b # ,
1.4 SRiEEEREgELE

K FH 32 59 43 B 5 (principal component analysis, PCA)
il £ 458 5 5515 (successive projections algorithm, SPA) 437
X MIR it 3% £ i 9617 B 4

PCAM & —Fp 8 A28 s 5 40 D BU LA BAR IR 7 9 HL
138 BRI bR KA 405 B A= I Z oo gt i Jr vk, Bt
EEEMREGER, BB R 2R, gEfFEE
LT, & FE B R S, DT B AT R s IR
BRI TR Ry 9500, MR BT STER R I A R .
PCA #£ The Unscrambler X10. 5.1 A 523

SPA J& — R 2% & 25 ) 3 £ 4 di /) A 1) T 18] 28 o 328 R
B LA BUE B AU 25 B Ak 22 08 B =22 [ L £k 52 v )
GG T AR IR s AT LI R U A B A RUER i
AR EIRE B, 45 DRI S R e ), B T L P
ZEE 5, SPA LA 5 HiR 2% (root mean square error, RMSE)
HPFH A5 . LA RMSE S /ME T B934 A B0 2 8O B
B, SE SRR 48 MATLAB R2019a H158 1%
1.5 BEFEREEENIER

ARy %k W B /> .9 [] I3 (partial least squares re-
gression, PLSR). 3¢ #F [4] it #l (support vector machines,
SVM) | BEHLAR A (random forest, RF) 1z ] 15 5 # 45 I £
(back propagation neural network, BPNN), PLSR Jy i {5 %
T ARG A3 BB 56 43 A A 22 50 4 M el A = b 43 A
JrE A0 R B B TR AR B D TR RS Y IR
SVM & —F e T 4t 31 2% ) SR M a5 # fb 2= 2 55k, R OF
FEA BRAEZ T (480 R 24 > U7 vk, TEAL L4328 5 TRl IS ) 8 i
WHPONE U RAEXNREAR AL e 4R 5 e b
B, BT BE R B A W HERET . PLSR I SVM #5475
The Unscrambler X10. 5. 1 58 . FfAL £ M (RE) J& — Fp 858
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1 A B 2 A RO LA s B L R MR B
HE IR . TEAC SR B R I TR B, A G AR G
GLH . RF BB EAE REF 92, BPNN &2 —F £ m)
J2 I i 2 2 R 45 L LA R A R TR B R 25
BATHERERS, b THBERWEIRIC ) ZHT L
FOLE @Bt . BPNN #E3I44 @75 MATLAB R2019a
T2

PRI - 4 0 S0 (B S TN (A 9 Hy 5 AR R 2
RMSE. & &%k (determination coefficient, R?) . #H X} 4 #7
iR 2% (relative percent deviation, RPD) DL A ¢ A< 0L I B = PY
SR Q3 5 — UM K QL Z 225 RMSE 9 H fE (RPIQ) Y
SRR T TN ORG B . R® 3R R BUINAE 5 520 H 2 18] 1Y
WA, R® MK, UEWIRBR T 45 2R i 6 ; RMSE %R
A B 52 I AR5 0000 {0 O 2 A B . RMISE jig/)s . 338 B 38 0
TR BRI S s RPD J&bn o 22 15 398 5 A8 22 19 LA, IE W)
IR W RE J7 . AR4E Chang 57 % RPD M RI4r 55, X4
WML RPD>2 I . 78 BB BCAF i A N BE g5 24 1.4
<<RPD<C2. 0 i, &8 BB n] LS AR 5 5 it i 47 0L s Al 0 5

4 RPD<CL. 4 W, SR BRI RE AR 2% . To i XA & it
HEATA I s RPTQ W TR 6 4 19 R /R AR IE B E &, RPIQ
R AR RE BT

2 #R5THE

2.1 TELEHBRESIT

R M AR I 4 S A e IR R SR [ E 1) B
e, 225 1 Hp Ry SO BEAE RTINS . FErh 164 AR
TR A 82 MREA T TR, 2 10 246 Lk
TR E RIS SR AR R R E I E A
0.07~1.66 g « kg ', b gl BEAR A REA 42 5 B0 H R
0.07~1.66 g+ kg ' MR FEA SRS HILE K 0. 17~
1.50 g« kg ', EBUEN AT EEEE RS T HMEN
. TR R I AR R B A A O 2l B A A
At B A B R E R R AN L. BT HE

[=A

)4\_

I

Rl IEHFLEIERTER

Table 1 Statistical results of total nitrogen content in soil samples
AL HH fR/ME/ (g« kg™ KM/ (g kg™ FHME/ (g kgD bRifEE/ (g - kg™ A SRR
AR 164 0.07 1.66 0. 68 0.28 41
SbIES 82 0.17 1.50 0.68 0.27 40
JSREN 246 0.07 1. 66 0.68 0.28 41

2.2 TEEFPASMREFEREIR
WG L HEL2RTEEIK 2R S 2SN FER, 7
MR 1 (<0.5 g+ ke D). HHKI (0.5<TN<L0 g+
kg D, ERIM (1. 0<TN<1.5 g+ kg DFILELZN(=1.5g-
kg ), Bl 1 A MIR Ye e th 2. & 1 W41,
MIR i e 5 il 2 B AR 2 09 SO i Fn g e 4. Al 2 /&
i LRI I O A B AR — B0, (H 7R L LB AR U B IR
TR B S S 06 v BE A PR — A2 22 5. A 2 200 AT 2 600 em™ ! B3
224
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Fig. 1 Mid-infrared spectral reflectance characteristics of soil
samples with different total nitrogen contents

F14 52 S5 0 v S R 55 G0 i T R A . 2 500 em

R 3T 178 2 AT T P A, 5 0 A A ) A R A o I S SRR Ak L A
0~220%2Zh, EEEBRUENYRAE T ELA TR
J S R e, FE 3 620, 2 520, 1 620 11 420 cm ' fft
VA B R OB AE . SUSTAEAE 3 900 em b iE B R, M
3900~3 600 em ' SR T R BE AP, HL7E i B L A
RFEBIT EX S, TR EH T RS R E R,
P Z a2 REN; N3 600~2 680 em ', SIS FE B N Y
e BEEAE 2 500 em ™ I R R B, 1E 2 500~
2400 e ' X RIS, BiJE E1 600 cm 8 T, 1E
1 600~1 200 cm ™' PRGN, HeJa BRFER SN T RA.
2.3 TELREEEPAMREBEXEDT

4 MIR 545 635 805 5 o5 KA 3 — 10 4 35 /9 06 135 4
0t S0 R0 A R e IMORE DG PR A BT . AH O R BI R LIE 2,
i &L 2 AT, SRR DT MR TE A i B AR PR 25 MR R
B RE N, B2 RIEMCEH, B3] 8 3E KT 1
BV 4 000~3 720, 2 670~1 740 Fl 1 140~980 cm ™', #H
KA EAE 2 516 em ' 7247, AR RN 0. 31, #
TR B 2 e KT — A A B . R DG 3R B0 4 A I 0 o
BREK, SHELSASHMELRECE TREFERS, X
FRHAE—0.67~0. 67 Z[a], k3] 1 35 1 AH ¢ 1Y 38 B 43 A 1 Hil
T, EBAEPTE 3 800~2 650, 2 600~2 470, 2 130~
2020, 1 740~1 170 F1 970~800 ecm 'SP BN . A & &
AHCHETE 2 732 om ' B AL K B s, AHOC RBGA B —
0. 67, 3R 434 Ul BIXF i 20 A0 635 5 9 S 08 3 47 d KAEH —
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Fig. 2 Correlation analysis of soil total nitrogen

content and mid-infrared spectral data

2.4 AEBEFEBEILE

FIF] PLSR. SVM, RF Hl BPNN Y fl g 4% 77 vk 45 4
LLAN TG B DL K 25 PCA 1 SPA W4k J5 19 B4 43 50 F0 4 438
SRGRITHEMMESRIENE 2, mE2 /M, T
S BOG IS EE AR, DU R R AR B B A (RP>0.7T)
A PLSR, RF I BPNN A 7 0] DU 47 7 Al 0 4 48 2 /&
& (R*>0.75, RPD>2.0, RPIQ>3.24), Jfif SVM £ [ g
FELEE A I 4 98 4 & & B (RPD<C2. 00, L PCA #2HUHy £ 4>
T EAR g R, Py R ASE A AT Ak SR R W A (R >
0.75), {H 2 F BPNN Fil RF # 8 a] Dhxt 4 3 4 &/ & & 17
BT R AT (RPD>2. 0, RPIQ>>3. 03), i SVM Al PLSR #%
R HUREXT 48 4 A AT RIS I (RPD<C2. 0), LA SPA
7 35 14 R UE T8 B O 1 A e ST I AR R A T RO R 2 (R
>0.69), Hrp BPNN 8BRS B 5 7] LB AF Al I 4 0 &
# (RPD=2.18, RPIQ=3. 41), PLSR #I RF #i# 5 44l ng
I 42 % & (RPD<C2. 0), i SVM # #I JE A T g 0 42 & &
BTN (RPD<1.4),

R2 IBERSETRAREBEME

Table 2 Accuracy comparison of different models for soil total nitrogen content

e pm 4 HBE 4 fURULE S
R? RMSE RPD RPIQ R? RMSE RPD RPIQ
PLSR 0.79 0.13 2.17 3.22 0.77 0.13 2.08 3. 30
P SVM 0. 82 0.12 2. 26 3. 36 0.73 0.15 1. 86 2.88
RF 0. 77 0. 14 2.12 2.92 0.75 0.13 2.09 3.24
BPNN 0. 81 0.12 2.31 3.43 0.75 0.12 2.12 3.28
PLSR 0.76 0. 14 2.06 3.06 0.72 0.15 1. 84 2.85
. SVM 0. 81 0.12 2.24 3.33 0.75 0.14 1. 95 3.01
pea RF 0. 75 0.12 2. 14 3.37 0.74 0.15 2.05 3.03
BPNN 0. 84 0.11 2.49 3.70 0.78 0.12 2.33 3.54
PLSR 0.75 0. 14 2.00 2.98 0. 57 0.18 1. 50 2.31
SVM 0. 69 0.16 1. 69 2.52 0.51 0. 20 1. 39 2.15
SPA RF 0. 74 0. 14 2.02 2.96 0.71 0.16 1.77 2.68
BPNN 0. 89 0. 10 2.75 4. 10 0.76 0.13 2.18 3.41

B e 4E 7R, BT 0 T R R 5 A ik Bl
S H BT AR LY . 50T A A R TN RS B X A B AR 4k, PLSR #E
B4 R? , RPD Al RPIQ 4> I F#AIX T 0. 05, 0. 24 # 0. 45,
TN T I K BE AW A SVM MBI @l R* BAR TR T
0.01, HFIM £ R*, RPD Il RPIQ 435 | F+ 0. 02, 0.09 Fi
0. 13, BERIK BE Wg A $2 715 REF BR300 K5 B2 A2 1k 8/
BPNN 5 5 42 40 0000 G B2 34 4% . L4k R* . RPD
1 RPIQ 4% %] - F+ T 0.03, 0.18 F1 0. 27, Hii4E R*, RPD
1 RPIQ 43 3 EFF T 0.03, 0.21 f10. 26, HFESHmE
DRI B S 4 BE A AR . PLSR, SVM Ml RF 4%
TUORS B B W R A, W 4E R® 450 N T 0.20, 0.22
0.04, RPD 4+ FFET 0.58, 0.47 #1 0.32, RPIQ 4r HI FF&
T 0.99, 0.73 F10.56; BPNN #2 BUAE B B A $2 5, H AR R4
R*, RPD #1 RPIQ 43 % FJF T 0.08, 0.44 F1 0. 67, Wil
R*, RPD 1 RPIQ 43 %] EFF T 0.01, 0.06 F10.13, XLt [%
S R AR T v ) AR A SR R, T R A 1 S v

TEBBAEE . BUET R AR B AR, R T B AOR
BT PCA #7019 45 FhBLZ S RORS B2 22005 F 25 F SPA X Jif
R, A E 12 FBLRURS R & B, 3L T PCA # 57 #9 BPNN fi
RT3 5 e 4 (R =0. 78, RPD=2. 33, RPIQ=3.54), H1E
$ v AR AR [R) B4 P DR 5 4 I B AR Y W] A5 RS BE L AT LA
AR g 3t % 4 39 4 & R HEAT IO . ELOR 5 32 A% S U 2
XTFHBEERAMELEEC AR ZO, HhETR
T B L SRS AL FR L BRI B O . RO 0k Gk
T IR B AL G T BRI RS B AR M AR TAESR A A
HMBEBOG T o A B AT A, i T b LAt
W B BRI R L L0 A B HORIE R E A
HeRE S M SRR RS B AR ERTE AT FO AR Y R R
MIR i 8 57 1 e AR R B4 R Oy 0. 78, #Ap g6 450
RN 120 MREAME A VNIR SGi% #2371 PCA-BPN T il 4
BR® W 0.26, B LD AN BOGIS R AT OG- LA @ A
AW . AR B 5 3% T LA B 5 AR B AR G 0% i AR
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B RRBE U A, BB AL, R AR, Yang™
SR 9 22 WA L 1 [R) 45 /IN3 FEL A - 6T R A TG A B A L vH
B CUVE) 454 SPA ¥ £ 45 AF 5 B 1l <7 (1 455 70 100 45 3 A 4
U BEHE S BB TORS A Y s AR TfE e I 69 PCA Al SPA fifi 1
425 B SR T HG R B, LT PCA oy (9 R 0 3K 2 ARG i
ZARTF SPA, ATRERE T SPA BiE H F /AR BT, mi
AR5 B REAR B A0 A P 2n S i BRI B BB, S5
SPA fifi 1645 it HEAE AR 5 2%

TERLTUAL $2 5 TR, 1 357 4 8 4k 6 1% Al I A8 80 T 43 R £k
PEA AR AR R AR, A B R ARy 3 S 4 v VA B R
BMORPEELIR, AT AR T 42 Ml )3 PLSR £ 5 Fl
etk SVM, RF fl BPNN BR, AR WM 66 1 &, T+
AN IR A 11 BPNIN A R de i, R ik AF e 5 4
R M Z B A A A — A AR LR ¢ & . BPNN 7E 4b # 4R £%
PER R BB, HAA R A Rt A 55, BEg it
TR BEEAE; PLSR B & A T BPNN il SVM Z
[, PLSR 7E#F 17 4 U Br dt i, BEAUNE ™ FARL N
SVM ##, $:3F F RF 1 BPNN ##, £+ PLSR 7] 4 %4 f#%
PRt 22 B] 1) 22 B 2R AR ) A, {FL A A T S R ARSI 1Y )
B R SVM KA A SRR 3 2%, AAE @R R 5%
o T T A R IR 1), T RE 2 i T SVM B AR % 45 $2 3)
MR, FEORORRA HATIE S, B R T
SVM X KU 2B A 3k DL S ita . B AT, B MIR $¢ R i
AT L HEL R AT I s X 5 i B R B B A X O 1% T Ak
PR 5 A AR vk I e R, AR ME SR i ALRCR, Wb 5 A
— R fE BRI R (UVE) B & B L (GA) % 615 Bk 78
WO, #— PR RR S EL R B AR ), IRE — L
14 ' T 4k 3 7 U AE L A W A Hr T B
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A Mid-Infrared Spectral Inversion Model for Total Nitrogen Content of
Farmland Soil in Southern Xinjiang

BAI Zi-jin' , PENG Jie!* , LUO De-fang', CAI Hai-hui', JI Wen-jun?, SHI Zhou®, LIU Wei-yang', YIN Cai-yun'
1. College of Agriculture, Tarim University, Alar 843300, China

2. College of Land Science and Technology, China Agricultural University, Beijing 100083, China

3. College of Environment and Resources, Zhejiang University, Hangzhou 310058, China

Abstract Monitoring total nitrogen content rapidly and accurately in farmland soils can significantly improve the efficiency of soil
fertility diagnosis and evaluation efficiency. Traditional methods for measuring total soil nitrogen have disadvantages such as
time-consuming, high cost. and environmental pollution. while the quantitative method of total soil nitrogen based on
spectroscopic principles overcomes the disadvantages of traditional measurements. Mid-infrared ( MIR) spectroscopy has
morebands and information than visible-near infrared (VNIR) spectroscopy, and how to use MIR spectroscopy to monitor soil
total nitrogen content has not been systematically studied in China. In order to explore the feasibility of mid-infrared
spectroscopy for soil total nitrogen monitoring, we selected 246 farmland soil samples in the southern Xinjiang region as the
research objects and used total nitrogen content and mid-infrared spectral reflectance data measured in the laboratory to analyze
the differences mid-infrared spectral characteristics of soil samples with different total nitrogen content. Firstly, the dimension of
spectral data was reduced by the principal component analysis (PCA) and successive projections algorithm (SPA) and then used
four modeling methods including the partial least squares regression (PLSR), support vector machine (SVM), random forest
(RF) and back propagation neural network (BPNN) to construct the quantitative inversion model of soil total nitrogen content
based on the full-band and dimension-reduced data, respectively. The results showed that: (1) the spectral reflectance of soil in
the mid-infrared band increased with the increase of total nitrogen content with a significant absorption valley near 3 620, 2 520,
1620 and 1 420 cm™'. The correlation between soil spectral reflectance and total nitrogen content could improve significantly
after the maximum normalization of mid-infrared spectral data. (2) Comparing the two data dimension reduction methods, PCA
and SPA reduced the number of model variables by 99. 8% and 97.5% respectively. However, the prediction accuracy of the
model established with the eight principal components extracted by PCA as independent variables were generally higher than that
of the corresponding model of SPA. Therefore, the modeling with the principal components extracted by PCA was more suitable
for constructing the soil total nitrogen model. (3) In the modeling set, the PLSR and SVM models had the highest accuracy in
full-band modeling, but the modeling efficiency was low due to alarge number of modeling variables. However, based on the RF
and BPNN models, using the data after dimension reduction by PCA and SPA for modeling respectively, while maintaining the
comparative accuracy, the modeling efficiency can be significantly improved. In the prediction set, the BPNN model based on
PCA dimension-reduced data had the highest prediction ability, with R* and RMSE of 0. 78 and 0. 12 g « kg ', RPD and RPIQ of
2. 33 and 3. 54, respectively, indicating that the model had great prediction ability. The study results can provide some reference

values for the rapid estimation of total nitrogen content in farmland soil.
Keywords Mid-infrared spectrum; Soil total nitrogen; Inversion model; Dimension reduction of spectral data
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