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Abstract

To improve and simplify the prediction model of chlorophylls content of cucumber leaves, synergy
interval partial least squares ( SiPLS) and net analyte signal ( NAS) were combined to search for
optimized informative spectral wavelengths about chlorophylls content from NIR spectra of cucumber
leaves, then spectral model was developed on the basis of chlorophylls contents. One hundred and ten
cucumber leaves were selected to collect NIR spectra and chlorophylls content according to chemical
analysis. The spectra were preprocessed by SNV method and divided into 29 intervals, among which 4
subsets, i.e. No3, 4,5, 15 were selected by SiPLS. Then NAS was used to characterize the net signals
of chlorophyll from cucumber leaf spectra which were used for regression variables of NAS model. The
NAS calibration model was obtained with the correlation coefficient R, of 0. 947 2, root mean square error
of calibration of 0. 079 5 mg/g , the prediction coefficient R of 0.925 0 and root mean square error of
prediction of 0. 090 6 mg/g. It proves that SIPLS-NAS could determine optimal variables in NIR spectra
and improve the accuracy of model.

Key words Cucumber leaf, Chlorophylls, Non-invasive measurement, Net analyte signal, Synergy

interval partial least squares, Near infrared spectra

ks H . 2010 -08 —02  f&IRT HIW . 2010 -09 - 15

x [E R BRI & TR (863 1) %I H (2008 AA107208) | [F1 52 [ AR 4 K4 W5 B H (60901079 ) FIVT. 7545 - 58 25 A BIF 5% A B
ALHTHRI%E B H (CX_10B_277Z)

EBEIN: AE B AR, GRS B ST B AESE , E-mail ;. stoneboy_2007 @ vip. sohu. com

BIESE : AR/, B2, AR 5 B R S T TC B IS, E-mail ; zou_xiaobo@ ujs. edu. cn



5

AT H A BN SRS T LU Teh s T 179

Ell

P2 2% i 1 PR TE A I %o 3l 25 M A E
FRRGLEA FE R L AR E A H R i ik
HAIC R O R S A LR R R AR R
21 EABIN 8] SOk ; S A s m AR, Ot
(R TIE=2  E U 5 VN N ST B e Pt 7
FREAS il 2t B2 v AR AT REA0 2k M4 3R P BOHL &
KA, AT R I kA 2 SEE
ER R PR TCHAG I | 2758 % i 2% 5 1 ) DG A
WA Tz g kg R
T R E SRR e R O R R AT TS, MR G
AT BT BB R D

He M0 (net analyte signal , fajFK NAS) /&
— A ME S Bk, BRI T2 fF Y
IE, SRR AR S A n R A BR 4R 5h 18
ARy R B ERER G M SR
JIRHE TS AL & S R AR C AR B, i 5
Ko B R AR A 2 43 7 A i TR R TE R B4R
B AT AR SR B REE B A SCH S
DX [ i fre /> — 3 v AT 1 D' 1 AR i - IXC[R], O T 53
BTk o g it 22 RIS 15 L, Fe 2 g or 4
EQIPIRAR) iy TN

1 #R5FE

1.1 Redrst

BN A SR AR T T 5t 11 I E s Al B
HRTuE , SRR T = S B U i R TR
PR FEALRAE 110 J e 2 )t | b 80 R4
F 2008 4 5 A0y VB AR IESEREAS  Fol4x 30 R4k
F 2009 45 A AEABUMAEREA , 8K R R A%
Je RS & v R S 56 2 9 7 2R ST 4T 41
ST HE A R AR
1.2 ELISMRIEHIRERE

AR REE LN Antaris 1T B8 B 28 48 5 24T

T

IMEIEAL ( Thermo Fisher, 3 [ ) | K InGaAs £
% EIETE E 10 000 ~ 4 000 cm ™', AR E K 32
U BRI R 7. 712 em ™5 A HERN 16 em ™' BK
PR AR R b IR AR RRAE 25°C 24, W B R AR 2
ARAAS  BEASFE SR TT PR B2 b A 3 A
SRRV LT ANEE L 3 OB A S B kAR
MR ETE . B TAES AR 5 BRBE AR S At
FREN A ISR S o e i A B WL So LB €2 L
BAP R EMG T I B X S8 A ) B 28 ) A% 11
SO A 2 22 R S 2R AR EIE A8 22 4 (SNV)
X BRI AT AL HE A H S AR A 1 TR,
F R R PR BT LT AN ISR

-2
10000 9000 8000

7000 6000 5000 4000

W Hem ™
R S iFaY S i
Fig. 1 NIR spectra of cucumber leaves
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Tab.1 Statistic of chlorophyll content of cucumber leaves

TiH FEA K KR (EH/mg-g ™! R/ ME/mg-g ! FHE/ mg-g ! PRl 2E/mg- g ! SR %
K IF4E 80 1.73 0.75 1.290 0.19 16.51
SRIIES 30 1.72 0.78 1.310 0.20 16.29
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®2 SiPLS FREMELER
Tab.2 Optimal spectra regions by SiPLS method

SXHEE A FXIEE PCs AHEF X 1] R, RMSECV/mg-g~! R, RMSEP/mg-g ~!
2 7 3,8 0.8225 0. 1007 0.770 8 0.1145
20 3 8 2,3,16 0. 863 8 0. 094 6 0.8273 0.1078
4 9 2,3,6,7 0. 905 8 0.087 5 0.8709 0.1013
2 7 3,17 0. 8418 0.097 9 0.795 6 0.1114
21 3 9 2,3,17 0. 908 2 0.087 1 0.8576 0.104 4
4 10 2,3,6,8 0. 900 7 0. 088 4 0.833 1 0. 108 1
2 8 3,9 0. 859 4 0. 095 2 0.8573 0.1030
22 3 9 1,3,7 0. 8672 0.0940 0.8115 0.110 1
4 9 1,3,8,13 0.8510 0. 096 6 0.8030 0.1109
2 7 3,11 0. 860 4 0.095 1 0.8717 0. 1012
23 3 8 3,4,11 0.879 8 0.092 0 0. 876 4 0.1005
4 10 2,3,4,11 0. 909 0 0. 086 9 0.852 4 0.1039
2 10 4,13 0.9293 0.083 1 0.8912 0. 095 6
24 3 8 4,912 0. 8482 0.0970 0.8339 0.106 8
4 8 3,4,11,12 0. 868 9 0.093 8 0. 865 3 0.102 1
2 7 3,12 0.8700 0.093 6 0.8856 0.099 3
25 3 8 3,4,12 0. 8832 0.091 4 0. 8872 0. 099
4 8 3,4,12,13 0. 8675 0. 094 0 0.8709 0.1013
2 5 3,4 0.7587 0.1089 0.7557 0.1150
26 3 7 3.,4,14 0. 863 6 0. 094 6 0. 8483 0.104 8
4 8 3,4,12,13 0. 866 4 0. 094 2 0. 864 4 0.1022
2 9 3,14 0. 906 2 0. 087 4 0.8159 0.109 4
27 3 8 3,14,13 0.8859 0.0910 0. 880 6 0.099 9
4 9 3,4,5,13 0.8818 0.0917 0.8677 0.1020
2 7 2,4 0.8392 0.098 3 0.7875 0.1123
28 3 6 3.,4,14 0.8278 0.100 0 0.8450 0.104 6
4 9 3,4,14,15 0.8755 0.0927 0.8580 0.1033
2 6 3,4 0.8117 0.1022 0.779 3 0.1128
29 3 8 3,4,15 0. 864 6 0. 094 4 0. 8582 0.103 1
4 9 3,4,5,15 0.930 1 0.0830 0.908 9 0.094 5
2 7 5,15 0.8376 0. 098 6 0.824 6 0.1078
30 3 7 5,14,15 0. 849 4 0. 096 8 0. 8403 0.1057
4 9 5,10,14,15 0. 881 8 0.0917 0.859 1 0.103 4
2 7 5,16 0. 856 6 0. 095 7 0.851 4 0.1042
31 3 9 3,5,15 0.9193 0. 0850 0. 866 5 0.1018
4 9 3,4,5,15 0. 889 6 0.090 3 0.8735 0.1010
2 7 5,15 0.8717 0.093 3 0.8175 0. 1092
32 3 7 5,15,16 0. 866 4 0.0942 0.853 4 0.1038
4 9 5,10,12,16 0. 880 8 0.091 8 0.8627 0.102 6
2 7 4,16 0.8727 0.093 2 0.8733 0.1008
33 3 8 3,4,16 0.880 4 0.0919 0.8518 0.104 0
4 7 4,5,15,16 0.8759 0. 092 6 0. 8622 0.1024
2 7 4,16 0.857 8 0.095 5 0.8258 0.107 6
34 3 8 4,5,18 0.8793 0.092 1 0. 8655 0.1022
4 8 3,4,5,18 0.8717 0.093 3 0.869 9 0.1014
2 7 4,28 0.8577 0.095 5 0.7957 0.1113
35 3 7 4,5,18 0.859 6 0. 095 2 0.8717 0.1012
4 8 4,5,16,17 0. 885 8 0.091 0 0.8750 0.1010
2 7 5,17 0.8316 0.099 4 0.7592 0.1157
36 3 7 4,5,17 0.871 1 0. 093 4 0. 826 6 0.108 1
4 8 4,5,16,17 0.8877 0. 090 7 0. 886 4 0.099 1
2 7 6,21 0.8432 0.097 7 0.818 4 0.108 8
37 3 7 4,5,19 0. 8650 0. 094 4 0.8773 0.1003
4 7 4,5,17,19 0.8550 0.096 0 0.869 6 0.101 4
2 7 6,21 0.8426 0.097 8 0.8203 0.108 4
38 3 7 4,5,18 0.8735 0.093 0 0. 8807 0.099 9
4 8 4,5,6,18 0. 883 6 0. 091 4 0.8707 0.1015
2 8 6,21 0.8812 0.0918 0.796 8 0.1118
39 3 7 4,6,20 0. 866 1 0.094 2 0.867 4 0.1017
4 8 3,5,6,20 0.8762 0.092 6 0. 869 3 0.1015
2 9 13,21 0.8810 0.0918 0. 790 4 0.1132
40 3 7 4,6,20 0. 8592 0.095 3 0. 8612 0.1026
4 7 4,5,18,19 0.8513 0.096 5 0. 863 4 0.1022

TE : PCs Frnfetl B R FR ISR SC R RMSECY 878 38 BRI 5 AR TR 22 R, 375 TN 4 4 5 2 %4 ; RMSEP 3871 Bl £ 1
TR,
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Tab.3 Summary of model results after spectra being
built by different methods

i RMSEC RMSEP
R ig . /mg-g~! Ry /mg-g~!
8
PLS 10 0.8982 0.0889 0.8653 0.102 1
SiPLS 9 0.9301 0.0830 0.908 9 0.094 5
NAS 0.9472 0.0795 0.9250 0.090 6

3 ERIE

R T AT AR TN YT 21 A6 [l 2 A
RAFFIEAR B AR SCE 5 % I G X[ /)y —5fe
BARIE T 4 AU SRFRRHIE T XA (43900256 3 4
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VA3 BT 1 BB it 2 A 0 o 7 1 ¥ 0 BT AR
5 IR T AR A A TE AR AR R 25
e TFBEAR I 250009 0. 947 2 F10. 079 5 mg/g, T
T 137 75 R 15 2 R T 000 £ A G R 88043 1R 0,925 0
F10.090 6 mg/g, W 5% 45 & W & IX (0] 45 & 1 53
MrI 2 e AT S B EGIT 21 A6 1 rp I 2256 7 )
fEfE R .
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