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Fig. 1 The geographical location of study area and the distribution of soil samples
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before and after grinding
R: 638 nm, G: 550 nm, B: 470 nm

1.4 HEQERRIE
A58 v R i B /1> — 3 [ )9 (PLSRO 557k A 32 ¢ o) 4
B 5 (SVRO B3k 32 AN [ Ak LS 14 5 Al gt 5 9 SOC

T AR, PLSR J& —Fp ML R (2R 1% B IH 375, d Wold
B, BT N TR A A . 1% BR SR LG AT LT AT
SR i B A58 B — N B0 A5 BT T8 R 9 R AE A S, R
B RRAE AR TS AR, A T Zock Mk mIEa, 3R
G353 AT AN AL G A BT AR A, RE S RO A v e B B i £
AL AE B IU4& . SVR J& I FI % R £0K J5 4G T 003 1. 5b
i R T e A M S A S 4R A LA B 45 R Bk X 4
AR A BRI e, BN RO LR, &
Wik bR B, 2290 2 bR BRI A 1) B A% R B, R 3 T AR R 3
MBS SVR BN AR L P A Y, s Rdm e, Rk, i
PRAR 0] e R SVR B 7 SOC fli RIRL

MG BB v s HMEREAR S 2 ¢ 1 LR 43 Oy A AR
UG E£E . R i Ok g sz PLSR Ml SVR A A &Y, 1 3
TEAR W AR M B PERE . PO 48 AR A 46 e RE(R) Aty
FHRE2E(RMSE) . R? K, RMSE /), #E75H: ge AT .

2 #iRSTHE

2.1 SOC #iB 5 R4 1E

FLUHRT IR X A 24, EREMBIEED
SOC F i MGETHRE . FEAR 2 AEH 60 MAEA, JHBAEA 40
AHEAR, BIEER 20 MREA, HASE S #BE S SOC &
WWEA T 1.21% ~2. 97% Z ), BHiE4EH SOC & Kz Kk
B4 2.83% , HR/ME N 1. 24% , REAS 44 | GRS 06 IF 45
MBI R 2.22% , HOIECH 2.33% ., FEAR 4, A4
I UESE AT E 22 43 3 O 0. 43, 0.44 0. 425 78 5 R H 5 5
90.19, 0.20 F10.19, J& FH AR . =4S 0 EE R
B9 —0.72, —0.71 Ml — 0.82, g & K5 B N
—0.28, —0.29 F1 0.04., (% /N AE IE 2540 i . MR I
SOC Gt FRAE T A, BRI IESE 1Y SOC & &R IE S
FEARE SOC & WG HFAE AR L. 3 2% WA 22 45 48 A 0 i
LR AR 2K, B89 Bk & L MR IE SOC Al il
RIU

F1 SOCEEFTHIFMTEHIAR

Table 1 The statistical description of SOC content
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FEAE FEA /A — v 22 BTN 1 B 3R 8K U FE 2R A
B B M 1 i o 3 " - - b
A 44 60 2.97 1.21 2.22 2.33 0.43 0.19 —0.72 —0.28
R 10 2.97 1.21 2.22 2.33 0. 44 0. 20 —0.71 —0.29
LoanES 20 2.83 1.24 2.22 2.33 0. 42 0.19 —0.82 0. 04
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Fig. 3 The mean reflectances of imaging spectra (d, b) and
non-imaging spectra (c, a) of the soil samples before

and after grinding
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Fig. 4 The correlation coefficient between imaging spectra (d,
b) /non-imaging spectra (¢, a) and SOC for the soil

samples before and after grinding
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Table 2 PLSR and SVR model performances based on imaging spectra/non-imaging

spectra of the soil samples before and after grinding

i fee /> = e Jml 19 SR 1) [l

FEABUAL B il sk B T A I Kl 4R A LanEs
R? RMSE R? RMSE R? RMSE R? RMSE
Imaging 0.788 0. 040 0.739 0. 045 0. 804 0.037 0.712 0. 050
None Non-imaging 0.703 0. 056 0. 344 0.114 0.721 0.053 0.311 0.119
. Imaging 0. 797 0.039 0. 651 0. 060 0.789 0. 040 0.705 0. 051
R Non-imaging 0. 948 0.010 0.196 0.139 0. 672 0. 062 0. 469 0.092
Imaging 0.785 0. 041 0.719 0.049 0. 808 0.036 0. 699 0.052
Ab Non-imaging 0.735 0. 050 0.411 0. 102 0.788 0. 040 0.281 0.125

AR B A . -

. Imaging 0. 788 0. 040 0.739 0. 045 0. 804 0. 037 0.712 0. 050
5 Non-imaging 0. 699 0. 057 0. 347 0.113 0.717 0. 054 0.299 0.122
v Imaging 0.795 0.039 0.719 0.049 0. 802 0.038 0.735 0. 046
Non-imaging 0.703 0. 056 0. 396 0.105 0.719 0.053 0.410 0.102
MSC Imaging 0. 794 0.039 0.718 0. 049 0. 797 0. 039 0.724 0.048
Non-imaging 0.703 0. 056 0.398 0. 104 0.700 0.057 0.394 0. 105




2792 T 5 R A A #5125
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Imaging 0. 743 0. 049 0. 648 0. 061 0. 848 0.029 0.716 0. 049
None Non-imaging 0.774 0. 043 0. 645 0.062 0. 799 0. 038 0. 706 0.051
CR Imaging 0.733 0. 051 0. 666 0.058 0. 830 0.032 0.724 0. 048
Non-imaging 0. 858 0.027 0.564 0.076 0. 836 0. 031 0.708 0. 051
AB Imaging 0. 794 0. 039 0. 709 0.051 0. 849 0. 029 0.731 0. 047
. Non-imaging 0. 782 0. 041 0.693 0. 053 0. 751 0. 047 0.614 0.067
TF PR A . .
G Imaging 0. 743 0. 049 0. 648 0.061 0. 848 0.029 0.716 0. 049
Non-imaging 0.774 0. 043 0. 645 0. 062 0.798 0. 038 0. 706 0. 051
SNV Imaging 0.727 0. 052 0.626 0. 065 0. 783 0. 041 0.738 0. 045
Non-imaging 0.768 0. 044 0.657 0. 059 0. 788 0. 040 0.693 0.053
MSC Imaging 0.722 0. 053 0.622 0. 066 0.782 0. 041 0.736 0. 046
Non-imaging 0.767 0. 044 0. 655 0. 060 0. 788 0. 040 0.692 0.053
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Fig. 5 The VIP of imaging spectra (d, b)/non-imaging spectra

(¢, a) of the soil samples before and after grinding
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Abstract Visible and near-infrared (VIS-NIR) non-imaging spectroscopy has been widely applied to estimate soil organic carbon
(SOC) content. Due to the high demand for soil sample pretreatments, VIS-NIR non-imaging spectroscopy easily suffers from
soil roughness in practical application. This study explored the potential of imaging spectroscopy to estimate SOC content with
high soil roughness. With soil samples collected in Iowa State, United States, imaging spectra were utilized to measure the VIS-
NIR spectra of soil samples with and without ground. With five spectral pre-processing including continuum removed (CR),
absorbance transformation (AB), S-G smoothing (SG), standard normal variate (SNV), and multiplicative scatter correction
(MSC), partial least squares regression (PLSR) and support vector regression (SVR) were used to build estimation models to
analyze the potential of imaging spectra. Non-imaging spectra were also applied to build PLLSR and SVR models as a comparison.
Results demonstrated that imaging spectra could achieve SOC content estimation for soil samples with high roughness, but non-
imaging spectra could not successfully estimate that. The best PLSR and SVR model developed by imaging spectra could reach
0.739 and 0. 712 of R* for SOC content estimation of soil samples with high roughness, while that established by non-imaging
spectra could achieve 0. 344 and 0. 311 of R*. Based on the imaging spectra after the four pre-processing methods of AB, SG,
SNV, and MSC. the performance of the PLLSR model established before soil sample grinding was better than that of the PLSR
model established after soil sample grinding, while the performance of the SVR model was just the opposite. For non-imaging
spectra, the accuracies of PLSR and SVR models established after soil samples grinding were always better than that of models
established before soil samples grinding. For these two spectral data and the two estimation models, different spectral pre-
processing methods had different abilities to improve the estimation accuracy of the model. The performance of imaging
spectroscopy outperformed non-imaging spectra before or after being ground soil samples. Imaging spectra could enhance the
correlation coefficient between VIS-NIR spectra and SOC for soil samples with high roughness, there by improving PLSR
model’s performance. Our findings provide a new way to estimate SOC content on large-scale yield because imaging spectra could

overcome the influence of soil roughness.
Keywords Imaging spectroscopy; Soil roughness; Visible and near-infrared spectra; Spectra pre-processing; Soil organic carbon
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