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Table 1 The statistical results of calibration and validation sets soluble sugar content %
=N < =Y/ S i /N - 15 .
‘#/lxﬁ ‘ AR Eijtﬁ B.VT'J {8 B {E M2 SD
Sample set Sample number Maximum Minimum Average
M IE4E Calibration set 216 5.88 1. 04 2.43 0.92
IGHIE4E Validation set 72 5.81 1.17 2.50 1.08
R2 AELEFLAEGEFEH SMLR RE &
Table 2 The SMLR model modeling results of different spectral preprocessing methods
Bt 30 Rk BRI Wl ¢ e e 45 50
o Calibration set Cross-validation Validation set Performance
Pretreatment 5 ‘) P .
R% RMSEC/ % Ry RMSECV/% R% RMSEP/ % index
J& None 0.328 6 0.753 0.301 5 0.769 0.461 9 0. 827 60. 1
S-G i S-G Filter 0.329 1 0.753 0.302 1 0.768 0.045 0 0. 827 60. 1
— B 4L First derivative 0.610 4 0.574 0.596 4 0.584 0.679 6 0. 608 70.6
S-G ¥ +MSC S-G filter+MSC 0.461 3 0.675 0.437 3 0. 690 0.615 8 0.678 67.3
S-G F#+SNV S-G filter+SNV 0.480 4 0. 680 0.455 1 0. 694 0.621 7 0.732 64.6
S-G ¥+ — B 5 4
. :F(%+ ‘,FJITDF%Z, . 0.613 2 0.572 0.598 1 0.583 0.682 6 0. 607 70.7
S-G filter+ First derivative
MSC+—Br F: %1
. 7 . 64: . 488 7 . 9 . 755 .5
MSC - First derivative 0.511 0.643 0.488 0.658 0.509 8 0.755 63.5
SNV+— %
+ - d TE‘F%Z . 0.505 8 0.663 0.486 5 0.674 0.568 2 0.763 63.1
SNV -+ First derivative
S-G P9+ MSC+ —Br S 4%
0.593 8 0.586 0.577 9 0.597 0.641 1 0. 645 68.9
SG filter+ MSC+ First derivative v 7
S-G F-HF + SNV -+ —Br 4%
0.587 5 0. 629 0.567 0 0.641 0.627 3 0.723 65.1
S-G filter+ SNV -+ First derivative ver 7
2% 2 nI T, SR AN 8] 6% 06 72 45 O AN Ak 2 2) M F5e /I 3 A, X RE A O 3k 43 ) BE 47

730 AL B TR A% R A B 2% S, et H AR T A
K SMLR B EB 7 15 3R AR R IR L 1T S-G
SV R — B AL A AL B AR AR e . RE RN
AR 0. 613 2 Fi1 0. 598 1, RMSEC #il RM-
SECV 435l & 0. 572% F1 0. 583% 3 R% h 0. 682 6,
RMSEP 24 0. 607 % ; #4145 £ { K 70. 7, {H
SRR, SR SMLR 37 (4 450 78 0000 44 g 4 2%

MSC 1 SNV 2 Ffr ol F 5 A 1F 4b #1255 — B &
B, B SRR S-G 3 R B A B ik R H 4]
BT AT AL HE, SR ] PLS vk @7 T K AR RS AF
AL PERE ) PLS EFRB A e AR SR LR 3 .

LEA LIRS NN FR AR . th 2% 3 1] LU L X6
PEHEAT — B AT AL B, BRSO e . PLS A
R IE SRR E R B RE GAE 0. 880 65 38 K IF B 5

x£3 FAAXEMLAEFEFIMNPLSIRBEERLR
Table 3 The PLS model modeling results of different spectral preprocessing methods
b g T IE 4 & B IGHIE LianE S T REFE 2K
o Calibration set Cross-validation Validation set Performance
Pretreatment > — p .
R¢ RMSEC/ % Ry RMSECV/ % RY, RMSEP/ % index
J& None 0.798 7 0.413 0.742 9 0. 467 0.850 1 0.418 79.8
S-G F# S-G filter 0.788 0 0.423 0.7259 0.482 0.854 3 0.410 80. 2
— B 3L First derivative 0. 880 6 0.318 0.771 1 0. 440 0.857 8 0. 404 80.5
S-G i +MSC S-G filter+MSC 0. 806 2 0. 405 0.747 5 0.463 0.8619 0. 404 80.5
S-G F#+SNV S-G filter+SNV 0.792 1 0.419 0.732 2 0.476 0.850 8 0.415 79.9
S-G F? — 5%
N q.:(’%Jr ‘.&IE‘H&. . 0.852 7 0.353 0.749 8 0.461 0.825 2 0. 449 78.3
S-G filter+ First derivative
MSC—+—Fi 7% MSC+ First derivative 0.890 8 0. 304 0.768 1 0. 445 0.851 0 0.414 80. 0
SNV+ —Fr 54 SNV+ First derivative 0.890 4 0. 304 0.785 2 0. 427 0.856 7 0. 405 80. 4
S-G -t +MSCH—Fr %%
0.877 2 0. 322 0.753 6 0. 459 0.833 4 0.437 78.9
S-G filter+ MSC+ First derivative 7 7
S-G F# +SNV+—By
Pt b 32 0.882 8 0. 315 0.769 1 0.443 0.842 4 0.425 79.5

S-G filter+ SNV +First derivative
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ARGy PR UE S P RELRY 4300 0. 771 1,
0. 857 8,#J7 # 22 RMSEC, RMSECV, RMSEP 4}
WA 0.318%.,0. 440% 0. 404 % . 37 0. 5% LAF ,
TR (4 M B4 BA 210 80. 5, A% 1E £ G I 4 #5551
H 0 B A T SR L T DL AR AR LA — S A T
XiF LU b 25 SR 0T LA, R ) PLS (9 #ERBL AR R
FH SMLR 1 &R 4

3) AT 05, 7 T L A 4 I B B L 6 R
ARG 3 AT MSC F1 SNV 2 Fll 7 B A% 1E 4k
HLEEG — B AL B S HOR S-G R 3 R A
b 3T 5 B L2 A 6O i E AT AL #E, SR A PCR
B, L T KRS RS FE 0] M ) PCR & bR AR,
PREE R 4,

HH 2% 4 A0 X REAR SRR DG 1% AT S-G P T
Ab B, IR SR A DR e R BCHT A B R OR (A . RE

Ry43 31k 0. 665 0,0. 621 9, RMSEC fl RMSECV
53 512R 0.532%,0. 566 % s Ry R 0. 735 5, RMSEP
0,552 % AL By PE RS B 73, 3. SRR U,
e 1E £ T IE 48 119 Ak 2% 0 5 (6 5 NIRS {8 2
(] HBAFAE — 28 B ek ¢ o H 2 A A0 1 T M g
— .
24 1REILLBSHT

FL B TE AN [R] 4 ' 3% 950 4h B 2% 1R R L o SR
SMLR.PLS,PCR #45 [ 3 Fl 5 {455 0 () 2 A5 45
ORI 5,

H1 3% 5 AT, R — B S B0 ' 1 oAb 3, ST
i) PLS #iAl RE #5 . ik 3] 0. 880 6., Ry ik |
0. 857 8,RPDy Hil RPDy K T 2.5, 136 W 5 Y iy il P
(B B A 42 30 SN A L BT ST /Y PLS 58 f2: 43 Fr 455 70 51
W &5 5 L A BAR, W R T 4 BT L R SMILR

T4 AREXEFREFEFBEN PCRENEREER
Table 4 The PCR model modeling results of different spectral preprocessing methods
i 50 BLES 2 Ko i Kol 4 Al 45
- Calibration set Cross-validation Validation set Performance
Pretreatment - - P .
RZ RMSEC/ % Ri  RMSECV/% R% RMSEP/ % index
J& None 0.650 8 0.543 0.6117 0.573 0.714 0 0.543 72.3
S-G ¥ S-G filter 0.665 0 0.532 0.6219 0.566 0.7355 0.552 73.3
— B 5% First derivative 0.639 4 0.552 0.589 7 0.589 0.692 7 0. 604 70.8
S-G F- +MSC S-G filter+MSC 0.583 5 0.593 0.526 9 0.633 0.522 6 0.679 67.2
S-G W +SNV S-G filter+SNV 0.604 7 0.578 0.551 0 0.617 0.642 6 0.643 69.0
S-G -+ — B 8
0.637 0.554 0.588 0 0. 591 0.691 1 0. 607 70.7
S-G filter+ First derivative 6376 o0 588 > 6 6
MSC+ —Fr 534 MSC+ First derivative 0.606 5 0.577 0.5559 0.613 0.662 3 0.633 69. 4
SNV+ —Fr F:40 SNV+First derivative 0.612 0 0.573 0.562 1 0. 609 0.669 8 0. 625 69.8
S-G i +MSC+—Hr F 51
0.599 9 0.582 0.553 7 0.615 0.648 7 0. 644 .9
S-G filter+MSC+ First derivative o9 o8 003 615 8 68
S-G V¥ SNV+—Fr 3%
0.604 8 0.578 0.559 1 0.611 0.654 8 0.638 69. 2
S-G filter+ SNV +First derivative
5 ISHERAEREELRILE
Table 5 Contrast of three optimal models modeling results
L oS 2 H I IE LA S
ey =
BT ik R Calibration set Cross-validation Validation set
Modeling method Pretreatment - 7
RL  RMSEC/% RPDc R, RMSECV/%  R¢ RMSEP/% RPDy
SG -+ — B 4
SMLR SCPMA—BFR sy 0572 1608 0.598 1 0.583 0.6826 0.607  1.779
S-G filter+ First derivative
PLS . QMEF%[ 0. 880 6 0.318 2.893 0.771 1 0. 440 0.857 8 0. 404 2.673
First derivative
PCR S-GFir S-Gfilter 0.6650 0.532 1.729 0.6219 0.566 0.7355 0.552 1.957

F1 PCR & BEET , REAT RS #41/NF 0. 7, UL BH {240 22
{H5 NIRS TR =[] (4 AH G M 38 22 L BT g B UK
AT DL TR A AT 3 P A o 1 T

T k2 UL PLS & f 4 A AR RS B
U0 A5 L A i) A AR T {5 S IR A 0 A
BT, A5 B A T 42 R 36 i 8 R A AT s M B A 1% S

HE5 WM R (B 4, IWE 4 TTLLE ke
AT S B SEIE S PLS #5258 $ I 5 5 A5
T ] 1 42 6 A0 1 S v R R A R R E 4 G I 4 5
DA 55 35000 A = (] 71 05 75 2 /9 & 3 slope 4301l A
0. 880 37F1 0.862 3, vt W 1Ml {6 55 S W A 3% 4F 14
PLERE .
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Fig.4 Correlation between the chemical analysis values and the NIRS prediction values of soluble sugar content in straw
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Rapidly detecting the content of soluble sugar in rice straw
with near infrared reflectance spectroscopy

FU Miaomiao LIU Meiying NIU Zhiyou YANG Fang XIANG Yu

College of Engineering s Huazhong Agricultural University sWuhan 430070,China

Abstract 288 rice straw samples collected from different regions and varieties were used to study
the feasibility of rapidly detecting the content of soluble sugar in rice straw with the near infrared reflec-
tance spectroscopy (NIRS) technique. The near infrared spectral information of samples were collected
within the near infrared wavelength range (10 000 —4 000 cm™'). The models of quantitative analysis
based on near infrared spectra of stepwise multiple linear regression (SMLR), partial least squares re-
gression (PLS) and principal component regression (PCR) were established using stoichiometric algo-
rithm SMLR, PLS and PCR, combined with different spectral pretreatments including multiplicative
scatter correction (MSC), standard normal variation transformation (SNV), derivative, S-G smoothing
and their combinations. Through comparison and analysis, the optimal effect of PLS model which estab-
lished by using first derivative spectra pretreatment had a determination coefficient R¢ between the cali-
bration set chemical analysis values and predicted values of 0. 880 6, the determination coefficient Ry
and R% of 0.771 1,0.857 8, and root mean square difference RMSEC, RMSECV., RMSEP of 0. 318%,
0.440% ,0.404% , respectively. Both of the relative analysis error RPD¢ and RPDy are greater than 2. 5.
The results show that establishing the model by using near infrared spectroscopy, combined with PLS
modeling method can quickly detect the content of soluble sugar in rice straw.

Keywords rice; straw; rice straw; near infrared reflectance spectroscopy; partial least squares re-
gression; soluble sugar;fast detection
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