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WX Y 325~1 075 nm, KAEMEEA 1.5 nm, LM
1k 200, JEIEA 145V K 38AT, WRER A SO
M4 ASD View Spec Pro, Unscrambler V9.8,
MATLAB V7.0.
1.2 REHEXHE

I T FHFEACK AWHL KRR R Y, KE2MFA
WRFZWiAK 3 5 (Hordeum vulgare L. cv. Zhenongda 3),
K — R R 22 TR )9 B v, S DK 5 it P A TG Tk
R CH TR, BTEIREERE N 0, 50, 100, 500
11000 mg/L. RIGILWEE 75 MFEA, BENIKRIERAE 15
AFEA, HE 5 AR AR BORSE . BN IR R
FEBEHLIE £ 2/3 HIFEAAE R ERAEFEA (n=50) , PRI
FEARAE A PEREA (n=25) .
1.3 HIERERKXEMH MDA 2 =8I0 E

H ASD JGilb CR A KA AR AR I il 4k, B>
FEALRRE 3 Z0tibihs, WOL-PER SR
ek, Kk moak kg G Frh w2E ik, sk
it Jr i MDA PRI TGRS . K22 ¥ MDA 5 &
R 5 5 0 A C B 2R H (kY MDA & B il
nmol/g.
1.4 SiEEEmALE

T ZLAM G A P A — 28 5 R A AR P 0 I D% 11 TR 3%
WRETHE, AR PPIRZS . YCRIEU . A4BO6 R s
Wi [ 255 (R SR, A0 T AT 20 A ' i (1) e 4 T A% AN 1% 11
RES, RO A6 1 AT TAR B 4 T, il
THUALBE 5305 B 3 5 i A T 4 43 B RS 2R F 0 /6 0 R hT A
P, ASCRITT Savitzky-Golay P (SG) . AR HHFrif
b (SNV) « ZITHUSIE (MSC) « —FiRk'S (1-Der) .
“HrkF (2-Der) . Lila#ik (De-trending) A EFZIE
AEFKIE (DOSC) %5 7 Fpoisb st 5, LAt b
AT PP IALEE T7 700 TS B A R I R 7 i
SRR R, O T I BRI R, 4 400~1 000 nm
BB GBI T 44T
1.5 RiEEERZE

AT EE T 2tk R ARZR M 2 P AR s % I TR
fhdse /N ek (PLS) & FhZ ugeit B ot o7ik, 1
WA A A N Tz R % von e i Ko k
ATHFAE R BRI, SEIL T el B0 10 FE 4 A e 4, At
I SR FH A8 TH 3000 7 258 PR UFASE L R A7 R RS P o %
R (1) EZEPPAN TR AR A DC R G RO B85 U fid i
7% (RMSEP) , FHRREEAEIT 1, TN A 5 i1 22 1
/N, BRI e R . SCHREI EHL (SVMD & —FloB
R ARG 78, BN S R L (LS-SVM) &
— P SVM [k i, LS-SVM fE I Zhid F
TG 45 F KRG 5 /M SR, AN 25 2 R o 55 0
W, BRI KRS H 2 B — RO SO s, Bk
YRR 1) U AN R SRARZEME T REAH,  REE A R Y /N FE
A RSB L, S S R AU R
PEFIARORS L . M LS-SVM AR 5 B4 34 1 i A\ AR
R BRI 4. AR N AR B N H] PLS 425

HIRFIE ) 1, AR BRI AR I R R 2L (RBF) , X 2 AN
BRI SRy M o” R A AT A8 T3 1) M A 48 &R
(Grid-search) LKA » BRI PPAN $5 b R AE K HH AR G
REC G MRS TR % (RMSEP)

2 HZRES

2.1 KEMHEHIEE R MDA & E4iHE

B BT A 75 AR R REAR I IR ] WL/ 20 90 J
SHOCTERE,  REALER A 43 AT X VS T 400~1 000 nm,
YA R A T 5 S o it FH AN [R) R B R 5 1R R 22
T 1 2k 1) S A AL, (AN [R5 B IR B TR R 34
ANIA], AE 680 nm AbWR I Ry 5 ZY, IX L] BE AL K
M A 2 e 22 sl . &1 Bos i KFEM v
MDA 5 5 (W Ge v - B B e K 22 @ ARCRH T+
AT MDA JE L, A i T 7 A8 2 P A8 e P f ik
HHES
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Fig.l1 Original Vis/NIR reflectance spectra of barley leaves

x1 REMHRHPA_BIENSHITHE
Table 1 Statistical values of MDA in barley leaves

HIRE RS G/ (amol-g) 39/ (nmol-g ) FRHETT ZE/(nmol-g™)
A 50
eSS 25

prfikeA 75

37.63~167.39 83.11 30.066

43.33~165.49 83.56 30.849

37.63~167.39 83.26 30.121

2.2 PLS &

L AN [F AL B S OGRS AR AE S PLS B
TN, T REAE ) PR OR B — A TLAOAIE, AT
T RFEM Fr MDA &&= Tl i) PLS B4, 3% 2 fos 2k
T 7 PSR FALF T V16 PLS BEAL%S K Z2 1 MDA
TR R, B g, HEERESKIE
(DOSC) AR5 iE AL PLS BERISRAG T IR0 45
B, T AH O R G AT AE Y )7 iR iR % (RMSEP)
43500 0.9157 F1 12.8839. il ik 2 FALEE ik Btk
B B UL T VAT 2 U U R IE (MSC) K AR
EhrEtL (SNV) , B3 PLS MEATHFAE A B2 HUE N
Jo AR AR PR R NS o, AT OREE T T R R T
M) LS-SVM Fi 7Y,
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R2 TEFAET PLS #83 MDA & EMFMER
Table 2 Prediction results of MDA by PLS with different

pretreatment

kb LV r RMSEP Bias Slope Offset
Raw 12 0.8497 16.1061  -0.7308  0.7846  17.2694
SG 11 0.8366 167502  -1.9631 0.7438  19.4466
SNV 11 0.8479 165168 -0.1015  0.8310  14.0220
MSC 11 0.8468  16.5791 -0.0467 0.8304 14.1293
1-Der 10 0.7800  19.0177  -0.9004 0.6540 28.0157
2-Der 9 0.8311 17.3378  -0.7039 0.5756 34.7561
De-trending 6 0.7872  18.7093  -1.2640 0.5933 32.7190

DOSC 1 09157 12.8839  -2.9054 0.9347 2.5476

W Raw: JSUAGIE; SG: Savitzky-Golay “FiF; SNV: mpruift; MSC: £
TEMETREE; 1-Der: —BsK S 2-Der: Wk S De-trending: 2:#4#49):; DOSC:
HAZEA S SRIE: LV: BEER; o MXREG RMSEP: HUNAEA TR 2
Bias: W%; Slope: #1%; Offser: #¥E. CFFD
2.3 LV-LS-SVM &5l
12 PLS F&HUFRFIE 17 S AE ) LS-SVM B fry 4 A

Bk, KR MILERE (RBF) NZER B, @7 KEH
Jr MDA &8 1l ) LV-LS-SVM #5% , RBF 14 4 A% ki %
) LS-SVM BB 25 2 M S5 5%y F1 RBF
RS o) X 2 DBEO /D ISR AL 2
R RITNGE A deE bR, BRLSE (p, o)
EE TS B E A 10°~10% ASCRHSE T A2 HK
UEAIM K3 2L (Grid-search) VETFRIBALNF MK (p, o)
A A . SRS FEEFEHEREIE 2 AP, R 3 s
TR RE A Py A A A T SR AT B R 25 2 . e
23 AHTATAN, 3 BN EITAL I 45 A LV-LS-SVM
TIEYIAT T IR I TROIORE I, PO AH ¢ R &I AE 0.9 KA
b, HorpARERRMEAL (SNV) FIZ ST IE (MSC) 2
FRFRALFE Iy 4545 LV-LS-SVM @R 5 15k () TN A i %
o, HEFM R T PLS #%, LV-LS-SVM 7 SNV
S MSC TiiAb B /5 W00 20 SR 35 2 1=0.9383, RMSEP=
10.4598, BLIF R SR AR AL & N 9=14.3526, o=
34.7442, B 2 R TIOMIAE AR 4R 10 L S AR S PR 1) LR
Hillo 2 PRI L, LS-SVM BEAY [ F &5 AR T
PLS #Y, HJF KA fELE T LS-SVM A1 GE 76 70 1)
W e AR (S B, 1 PLS AR HBERI A L
HEHE M B

*3 FEFALET LS-SVM B3 MDA & SRR

Table 3 Prediction results of MDA by LS-SVM with different

pretreatment
ThAbH r RMSEP Bias Slope Offset
Raw 0.9371 10.8708 -1.9424  0.9322 3.7207
SNV 0.9383 10.4598 -0.4353  0.8822 9.4057
MSC 0.9383 10.4598 -0.4437  0.8817 9.4391
DOSC 0.9158 12.8839 -2.9071 0.9348 2.5444
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Fig.2 Predicted vs reference values of MDA in barley leaves by
LS-SVM model

2.4 HETFEVAZRERC HEES

AU B BT A R (A, BN h AL B 1]
hy 448 R BT AR BN 0] DA B 7073 42 4 D 4 6 1% v i oK
I MDA S A7 RUIEE . 75 B0 A Y B A B AT R A1 9
KARI O ARSI BT PLS BEAL 45 5L, 3R]0
REL (RO iR BUR LA GRS R RS, B o il
4 PLS. MLR il LS-SVM [ N5, KZZn - MDA
TrEfE N AR R, #REM T MDA R P
. RS PLS BIRL R R ALK 3, W HI[R]
HREOTTESRR B RAE KN 404, 409, 959, 981 HI
997 nm. T RC J5 &R BI TN &5 a5k 4 prow, $Horp
A AR A ) RC-LS-SVM, H:Fii 45 8 4 1=0.8952,
RMSEP=13.7974. RC FEHASHD T Hr N2 & 1 2,

300 1 404 ——[H]U R At 2k
240 + X8 MR K 997
9;9 ;f

-180 J( J(
-240
-300 4|09 Il 1 1 Il 1 981|
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B3 RRE 3R BARIE R AR A
Fig.3 Plots of regression coefficient and selected EWs by RC

&4 ET RCHHEKKEITRREMRELXT MDA BTN 45
Table 4 Prediction results of MDA by different models with

selected EWs by RC
e 25 AR AR TR TR
LY KAy
(> o) R. RMSEC R, RMSEP
PLS 4/5/- 0.8159 17.2077 0.7942  18..6050
MLR -/5/- 0.8251 16.8140  0.8508  15.9192
LS-SVM  -/5/(12.6872,5.0456) 0.9667  7.8672  0.8952  13.7974

W PLS: fmidp/b —3f€ik; MLR: ZJoZbERIH; LS-SVM: fp/b 3fe-3CH5 )
Bl: R BBUEMICREG RMSEC: HBENTRIRZE; R: TUIEHISCREG
RMSEP: TRINAEL T iR %
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FAR T IS S VRIS, L 5 A BUd A L
B AR 22, D AT LAl RC 7 v — il Y I 0 K
WU & BT, IEaAMeiER R4S LV-LS-SVM
R T] DLSZBLR Z2 1 b MDA &8 ped . TEaRa i,
THIDRS P 45 i

3 & it

I AT 21 A0 G TS e AN B BRI e S K2 g —
B BT TR, R EE AR 1) )6 D B AL P
iy FREBR KR EITVE, WA R LUT 4518

D) T 2LAMGIERR 45 6 B/ - SRR AL VA
(LS-SVM) SEHL T I B 751 A I 2 1k P 28 T K 22 1 v
MDA S ERIFE. Pk JehiRill. 4 Raeiei 2 X
Eaa Ny NS AR

2) Dl fse /N —3is: PLS $&HUAIARFAE 7] F A A i AR
AR I LV-LS-SVM B8 A AR Pl AR 2, 45648 s
e (SNV) HTIALEE 53245 1 TN 25 S IR AR OC R 4K 7
¥ 5 iR 22 RMSEP Fll 25 Bias 435124 0.9383. 10.4598
F1-0.4353,

3) FET A R BB IRFAE 3 K A — i FH R D
KAWL T Vo T LA GRS i R A2 B A A Fa b (RS
DFEAE T —FhoHr A
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Rapid detection of malondialdehyde in herbicide-stressed barley leaves
using spectroscopic techniques

Kong Wenwen, Liu Fei, Fang Hui, He Yong™
(College of Biosystems Engineering and Food Science, Zhejiang University, Hangzhou 310058, China)

Abstract: Malondialdehyde (MDA) is an important indicator for research of plant senescence and resistance. Traditional
detection method is complex and time-consuming. In this study, near infrared spectroscopy was used to detect the
malondialdehyde (MDA) in herbicide-stressed barley leaves as a convenient, non-invasive and rapid method. A total of
75 barley leave samples were collected for near infrared spectral scanning. Seven spectral preprocessing methods were
compared for a better prediction performance, including Savitzky-Golay (SG) smoothing, standard normal variate (SNV),
multiplicative scatter correction (MSC) and so on. The optimal partial least squares (PLS) model was obtained for the
detection of MDA in barley leaves. The latent variables (LVs) extracted by PLS were also applied as input variables to
develop leas squares-support vector machine (LV-LS-SVM) model. PLS, MLR and LS-SVM models were developed
using EWs selected by regression coefficient. The correlation coefficient (#) and root mean square error of prediction
(RMSEP) were applied as the indices of model assessment. The results indicated that LV-LS-SVM mode was better than
PLS model, and the LV-LS-SVM model by SNV and MSC preprocessing methods achieved the same prediction
performance with higher correlation, which » and RMSEP were 0.9383 and 10.4598. An excellent prediction precision
was achieved. The results demonstrated that near infrared spectroscopy was successfully applied for the rapid and high
accurate detection of MDA in herbicide-stressed barley leaves, and this supplied a new approach for on field monitoring
and resistance detection of biological information of barley.

Key word: near infrared spectroscopy, least squares approximations, support vector machines, MDA, barley



