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Abstract: Taking the hyperspectral data of cultivated land in typical mountainous areas of Guizhou province as the

research object, a model for estimating soil organic matter

WS H#:2022-11-18

EEWA  SUNBAB T ARSI H [ BB T 5°(2018)25 5] 5%
MR B B [ BRHG S4#(2020) 1Y172 5 )5
SONARE PRI A [ RS % (2021) — it 496 and machine learning. From August 2020 to March 2021,

(SOM) content in mountainous areas of Guizhou province

was established by using spectral transformation method

B E R AR5 E (2022YDF1100307) ; 54 120 soil samples were collected from 13 counties and cities
SERFZE R0 F [ BSR4 2L R-ZK (2021) — i 100 2 of Guizhou province, and the visible near-infrared spectral
IR A LR -ZK (2022) — i 276 5] information of soil was detected. Five spectral data trans-
TEERIN I ATE(1995-) , B, SRS A, Wil -H0F o0 4, 3 N formations (original spectra, first-order differential, sec-
I O 1R RO I AT ST, (E-mail) 17864159359 @ ond-order differential, first-order differential of reciprocal
163.com logarithm, continuum removal ) and four types of models

BIAEE T b, (E-mail) 7653606@ gq.com (partial least squares regression, support vector machine,
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random forest and BP neural network) were used to combine different soil organic matter content prediction models. The

training samples and test samples were selected according to the ratio of 3 : 1 to estimate the SOM content in mountain area.

The correlation between the first-order differential data transformation and the SOM content in mountain area was high, and

the highest correlation coefficient was —0.635. In the inversion model, the BP neural network model based on the first-order

differential spectral transformation had the highest accuracy. The determination coefficients ( R*) of the training set and the

test set were 0.845 and 0.838, respectively. The root mean square error ( RMSE) of the test set was 3.452. The relative a-
nalysis error (RPD) reached 2.470, followed by RF, PLSR and SVM. The first-order differential method in spectral data

transformation could greatly extract the SOM content information of mountain cultivated land. The BP neural network model

was the optimal model for estimating the SOM content in mountain areas. The results of this study can provide theoretical

reference for the monitoring of soil fertility and agricultural production in mountainous areas of Guizhou province.
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Fig.1 Distribution of some sampling points in the study area
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Table 1 Soil profile of study area

WX s LeR RREC AN
(g/'kg)
TEBEIX 1030~1060 #HfafK+ 4 12.22
54X 1315~1320 #He KfE+ 11 32.88
PIRLERSS 620 [ig 1 20.80
ZIEMIX 830~1070 HEMAKE, KRt 12 27.75
FEM X 844~1 160 HE 20 28.77
LI 890~930  EMAAKL 7 22.66
YR & 760~930  JKFEL FiE+ 19 30.55
il £ 910~940  HHE 2 29.05
i L 680 KHE L 1 32.90
pia s 1 050 K FE A 2 45.60
Kr & 1310~1410 KJgt £kt 22 28.89
SRR 930~1210 %+ 13 27.25
wym 1420~1580 Kig+ 6 36.80

BP 1128 W 25 i — PR L PR LS AR R | LA 58 %
MRCF S B b BB AE TC PR B T AT B A A R4
PERALY X T RE R 2 PSR F ] I AL e
LM 2 AP AE R AU A B #5428 R 45 7]
DB ENTAW IR LLA B S AU . BP M2 M 2%
FAILE Matlab 58 B, Y SRS H08CE 0 - AR
B 0000, I35 R 2 /N T 107, M TTR
B 5 A T HEN 0,05, FAKRBORECH 5 K, 4
TR E A E BP 28 N 28 A [ 5 23 71 A Bk
KA 34~ .6 4.9 A

FRDRS BE M R 3 NS BT IEAS . Yo
Z& 0 ( Determination coefficient, R*) . ¥ 5 # % 22
(Root mean square error, RMSE ) F1AH XJ 43 Hr i 25
(Residual predictive deviation, RPD) , H:W R*FHT
AR R E M R*>0. 6 2 B Y BE % kL 7 0]
SOM 7 1 ; R*> 0. 8, & W BB (1 £ o M B ok
RMSE FIAKS YA 1Y A T 00 BE 77, RMSE /), 3R
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MEHR ARG BE v, RPD FH R B I X 75 iy 51 )
AEJT, YRPD>2. 0 B}, Ud WSS A % 5000 s8R B 5 Y
1L.A<RPD<2.0 B, Ul IR HAG LA T g ) , 48
I P S T A SR B AT 2 RPD< 1. 4 B AR AR T30
RS . HHOC AT .

.2(5/i_yi>2
R=1- —— (1)
,_;(y;_yi)z
(2)
(3)
SD
RPD=—— (4)
RMSE

ey, o 0 BIARERE B SCIAE O AEL; 7, A
FERRIIME ; SD NBRERE ;n FEAKL,

2 ZER55T

21 TEFHRESENRITSHT

W 120 A IR AT A DL B R BN HE
7 AR A LT 5 B R, 43 0 1 A LAk
GRREAFIIN A e 28 72 90 DYINZRAEA 30 4>
MHAREA, R 2 AJUEN, DIEARE SN
11.40~48.60 g/kg, ¥J{H N 28.91 g/kg, tnifE 25N
8.31 g/kg, YIZRFEA WKL A (14 bR o 22 4300
8.24 g/kg 8. 53 g/kg, MR 5 REW 5

£2 BMNURTIEFGNREGENFIHTINER

Table 2  Statistical analysis for soil organic matter content in
Guizhou mountainous areas
‘ H LA (o/kg) 55
FEAKER FEAEL E31¢

Bokfi BUME P GEEE (o)
BERFEAR 120 48.60  11.40  28.91 831  28.76

VNN 90 48.60  11.40  28.94 8.24  28.48
WA 30 48.00 11.40 28.80 853  29.62

2.2 TEANRSENLEEXSNT

L DX 3t 1) 3 R DOETE A 5 AR RDE UR 5
SOM & it Z [B] (AR AR M 45 R LI 2, T LR
RS (R) 5 SOM F 5 B A 5 £AH G I AE ]
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ARBRTR AE ] WIE-I LTSNS LN 3 I BEAE IE f
HZ W, I HA A/ DR BGE T 0.01 K1) B3
PERZS ; 28 FD B4 5 17Otk 5 SOM & 74l
AN R P A DG | SRR I B M AT DL BRI 41 A1
ZIE )L, A1 4940 U Br it i 3 R 56
H'5 SOM &t il B EHH G (P<0.01) , MHOC R AL
B -0.635( & 2b) ; SD AL F )5 (9638 7 i 41 4
A3 Bt IR A | B S 0 | SR B R A R
TEMER A, et 461 MBS SOM % & % i 2
FHIE (P<0.01) , #HC REMAEH -0.561 (& 2¢) ;
LRD 5 FD 4 (9 A8 e AL, 3L A5 1 4554 0k %
B, T FECT BUE iy I A LRD 5 FD 1Y
FH O 22 BB 5 0L F X BR 43 A, AH G R B (i o
0.512( ¥l 2d) ; it CR 84, 15 E OB S RIA ML
JoT % k(B B A3 2 IEAH G, U CR AR He b o 1L
X e B W SRR AE | 8 a2 PR AG 58 A Il B
1 0354, AR BWRAE N 0. 514 (F 2e) , FTHIK
AL A GE AT 2 U B A A R Y
FD>LRD>CR>SD, iZHE P U B, ik $dls 2804 ¥D
LRD 754 J5 BE 42 i L1 X B SOM & i 5 )t ik I Bt
Z A AR SCHE | S I TR IR i B

& 3 SOM 7 i 5 A [FJE 2Ot ik a) A6 5 43
MR AR D B L, ol LA ) JRUAR S0 () R ik i Bt
REHEHE R WIS, SIS H ARG, TEARH
FRIE FAZH I LA o3 BRI DG A5 R, D B ]
W LT A BB AR 251 LU DX b = 398 1) e 1E
B, Bt AAHI T 8 0 i 3 MR IS 7S R AR e =X
(6 rp i 2 B AT TAE BT L S-30 2T A 68 43 H 56
B 60 NP BH T, X5 THEED A
FHZE 4 17 305 0 A -3 S 455 1 i e A5 31 1Y
AR B LT 2T A8 (1 800~ 2 400 nm ) #5504
LSR5, MR T ge it T X K+
e AURR], 5N LAVEIOFJE A KRG RE A
HEAR G S % X 7 il HL R E AR R
H A S K AR, T 4 K O R
FEAE P ANE B R+ g k2
S A9 S AR HLTE B A OGO E B .
TF4E1 400 nm .1 900 nm F12 200 nm %5 9% B [l B
ARFUK RIS, S 0 BT & OH 1
0 R AR SR ARAS Y 5 Rl i (4 R R 0L 35 B R
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Fig.2 Correlation coefficient between soil organic matter content and spectral transformation in mountainous areas
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— B, ARBEAE I X B SOM 5 2 Al 1 ) i 3 A
R, FERCE SOM & &2 AR b, RF BR3¢ T
PLSR A B i 2 i, Hoh IR 1 R 3493 = F W) 4%
A () HAAR RS | R* fe i 15 51 0. 926, R 7R I 25146
o RF AT kg FRAR A5 0455 78 fef A 304 FD
SD .CR i R*¥IK T 0. 750, RPD HK T 2. 000, % {4
AR TN 265 S 2 Eﬁiﬁ 4 KA BP 248 W 2%
TN A AR () TN R ) B, WA 283 FD U LRD %%
A2 A 1 BP %Hﬁééﬂéﬁff;-:ﬂ R*¥J7¢ 0. 800 LA
L 5EM SN G LR 2EE SN, 5
RF A LA B B AL 3, BP A A A5 5 o A (R A AR 4
A& FD-BP Y 2R 511 R* M 0. 845, RMSE /N, A
3.259 , XA R* 4 0. 838, RMSE A 3.452, RPD
R 2. 470, FXF A3 MR 22 LA FD B, Ui BP #h 40
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1L 20 AR TIORS BE TR AR , BEAS T 126 ) S i A%
TR 6 MEAILL A

x3 FARAGEALTEFIRAISENRIERFEREE

Table 3 Accuracy of spectral inversion model of soil organic matter

content in different combinations

Y ERs M4
BRI E2E R
R? RMSE R? RMSE ~ RPD
PLSR R 0712 4.421 0.635  5.196 1.657
FD 0.781 3.858  0.693  4.840 1.807
SD 0.445 6.139  0.457  6.543 1.357
LRD 0.784  3.854 0717  4.767 1.894
CR 0.675 4592 0.674 4914 1.752
SVM R 0.662 4788  0.628 5236 1.634
FD 0.809  3.597  0.637 5173 1.664
SD 0.629 5018 0617 5547 1.601
LRD 0.729  4.269  0.681 4.883  1.759
CR 0.717  4.281 0.598 5.563  1.569
RF R 0.859  3.091 0.682 4874 1.772
FD 0.926 2232  0.781 4192 2.109
SD 0907 2513 0777 4213 2.082
LRD 0.872 2989  0.663  5.034 1.725
CR 0910 2412 0760  4.361 2.017
BP R 0.796 3722 0727 4513 1.908
FD 0.845 3259  0.838 3.452  2.470
SD 0.726 4319  0.661 5.057 1.737
LRD 0.840  3.323  0.803 3.876  2.251
CR 0.832 3382  0.694  4.863 1.816

PLSR : Rt/ 3 [0 JH ; SVM ; 32 F5 [0 S ML ; RF : AR AR ; BP . )& 1]
1% . R IR ICIE U2 FD . — B i 435 SD : Z B3 ; LRD ; 814K
YR — B 5Y s CR: ¥ 8258 2Bk R? - U iE R 4 RMSE - ¥ 57 i i
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Fig.4 Scatter diagram of test set of soil organic matter content optimal combination model in Guizhou mountainous areas
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