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Tab.1 Phosphorus content in calibration set and

prediction set mg/kg
AL A%  RME RKE Bofic o v 22
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Fig. 1 Reflectance spectra of lettuce leaves
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Fig.2  First-order derivative spectra of lettuce

leaves after five points smoothing
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x2 AEFXET siPLS A £ R
Tab.2 Results of siPLS model with

different number of subintervals

XK Beg s ER

4 XA BRI TR MR RMSECY
10 2 34 7 [58] 449
11 3 165 7 [689] 434
12 4 495 7 [46910] 446
13 3 286 6 [6911] 445
14 3 364 8 [4712] 406
15 4 1365 7 [571213] 416
16 4 1820 9 [591113] 410
17 4 2380 6 [681415] 421
18 4 3060 7 [610 14 16] 375
19 2 171 7 [915] 416
20 3 1140 7 [11 14 16] 424
21 4 5985 10 [791016] 420
22 4 7315 6 [111517 19] 405
23 4 8855 8 [161920] 411
24 4 10626 9 [10 12 16 19] 505
25 3 2300 6 [12 17 20] 497
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Fig.3 Optimal spectra regions by siPLS

ASSCRIHT SPA 73 51 % 406 1% ¢ Be A siPLS JT 41 Y
4 AR AL B B Bk AT R AR B R G, MR B AL OE 4R
RMSECV i H e L (K4 &, iz AT 45 R e 4 s,
3 590 i 20 R AE P S 63 125 A

% 1x1072 i ‘

= — b2k
N o sk K

B g A

P

& -3

10 g 1000 1500 2000 2500

WA /mm
(@)

§1.4x10 —

X gx107t] 7 AEEK

3z

£ 4x10!

& _4

D}Z’—lxlo

| —6x10 ‘¢

2 3
RHEP B
(b)
A4 RO R 04 i 2
Fig.4 Results of optimal wavelengths select by SPA
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Tab.3 Results of different models

RMSECV/ RMSEP/
(R R, R,
(mg-kg™") (mg-kg™")
siPLS 375 0. 905 624 0. 866
siPLS + BPANN 338 0.927 556 0. 891
SPA + BPANN 573 0. 842 821 0. 803
siPLS + SPA + BPANN 314 0.935 479 0.911
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Quantitative Determination of Phosphorus in Lettuce
Leaf Using Spectroscopy

Gao Hongyan Mao Hanping Zhang Xiaodong
(Key Laboratory of Modern Agricultural Equipment and Technology, Minisiry of Education, Jiangsu University,
Zhenjiang 212013, China)

Abstract; In order to evaluate comprehensively lettuce leaves phosphorus content and precisely control
phosphorus fertilizer quantity, the specific aim of this study was to attempt a strategy for measurement of
phosphorus content integrating spectroscopy together with synergy interval partial least square ( siPLS)
and back propagation artificial neural network ( BPANN ). Leaves reflectance was acquired with a
Fieldspec 3 spectroradiometer that provides measurements in the 350 ~2 500 nm spectral range, and then
five points smoothed and first-order derivative transform were used to eliminate noise effects. siPLS was
used to search for the optimal spectral intervals, which corresponded to 950 ~1 070 nm, 1430 ~1 549 nm,
1906 ~2 025 nm and 2 144 ~2 263 nm. 63 wavelengths were selected from 350 ~2 500 nm and 25
wavelengths were selected from four optimal intervals by successive projections algorithm ( SPA ).
Principal component analysis (PCA) was implemented on the spectra intervals or variables, finally 7, 4
and 5 PCs were obtained. The siPLS + BPANN, SPA + BPANN, siPLS + SPA + BPANN models were
achieved when the number of neurons in the hidden layer was 7, 5 and 3. It was conclude that
spectroscopy combined with siPLS + SPA + BPANN were feasible to measure phosphorus content in
lettuce, which had better performance than others model, correlation coefficient for the prediction set was
0.911, root mean square error of the prediction set was 479 mg/kg.

Key words: Lettuce leaf Phosphorus Spectroscopic analysis  Synergy interval partial least square

Successive projections algorithm Back propagation artificial neural network



