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Fig. 1 Flowchart of data processing
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Fig. 3 Near infrared spectra of phosphorus-deficient
leaf and health leaf

2.2 BN RK BP-ANN E1%

Hodg 3 SRR b B 22 AT LR H Wik
TELEAS R 450 /9 22 0 2 B R — 3, T bt & i kAT
ANN FERHE LS 3 e AT SR . R T 4 i A AR 8 AR O e
L5587 = =5 O NI (5 o 7 2 Ko S 2 e 1 P 7 B 23
BT DRI AR A RURIARCR » B FE TN AR B A
RIVE R e AR, FEAREG . BP-ANN BRI i s AJZ e
BOE ERA N FEG e ri )2 ot 1, BNt 2 A
W s ePE S T R BUE SV T R A8 I it AR v i 2 )
DRl 0 Sl ek PR A 0. 1, ASERY v i) 22 P e 50 i Y 2 11
SERRAAL . BP-ANN g5 B p R U7 X I 6 11 58 8
SR RN R R, T s A A, S5 R
4. B A P a SRS T X SRR, HBUE VS FA[88 194]
R T IX TR BN 16 351D 5 v Bl /R 24107 X (8] B 5ot
N At ANN BRIV R 4 AT LB . FIX R 3 0
T RE R 115 1 148 AN B 50 s I, B R S 45 35 5] 100%,
T AR A, YRR 115 1 iRk T IX A B S

1.00

o 0.95

Vil

0.90

0.85 T T T T T )
80 100 120 140 160 180 200

F X8 A 98 A om™
Fig. 4 Optimal result of total interval width

X B S8 A 115 B QR 2 6w 1% 0 27 A~ F X
[E]) o AT DX )X Rz Y ANN BRI ZR AR R ) S an &l 5 o
o B 5 HFRR T IX AL, v HlERR ANN BERIH G2,
FER BB F /R ANN SRS ) e 32 4 4, B
(LRt B g Wt AN B R AR > oy v N1 B W AR

et LB 5 HPIAOLTE S U AR IR R I KR AR ]
DA B 28010 1 il 2 2 S5 DR 194 DX ) 0 7 1 6 7 RS0 3 A
1> QAT 12 >3 DX DGR A SRR AR T 0.9, FRWT X L8
DX R X R PR LTS L% 1R G R 7 5 . AT 5
WLAF 556, 7, 8 TIXE ISR 1, fise
PO 1, 1A 0. 96, Bl o R 7405 7.3
6. ph TREEIUR A, AR B i Y
TR AR T AR BB/ A ST A R e B
ARSCHEFEH 77 KRR g fe L1 X TA]» HOG Rz ) BP-ANN 4
RUR B WA

I G

I TR

— GRBEO A
—— EWM Akl

AV ES

T10357 9111315171921 23 2527
ECGE R

Fig. 5 Recognition rate of ANN model under different

principal component factors and intervals
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Table 1 Discriminating results of different models
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Rapid Diagnostics of Early Phosphorus Deficiency in Mini-Cucumber

Plants under Protected Cultivation by Near Infrared Spectroscopy

SHI Ji-yong' , ZOU Xiao-bo'* , ZHAO Jie-wen', MAO Han-ping*, WANG Kai-liang' . CHEN Zheng-wei' ,
HUANG Xiao-wei!
1. School of Food and Biological Engineering, Jiangsu University, Zhenjiang 212013, China

2. Key Laboratory of Modern Agricultural Equipment and Technology, Jiangsu University, Zhenjiang 212013, China

Abstract The morphological symptom of phosphorus deficiency at early stage is similar to the appearance of leaf aging process in

preliminary phase, so that visual diagnostics of phosphorus deficiency in mini-cucumber plants at early stage is practically impos-

sible. Near infrared reflectance spectra contain information about differences in compositions of leaf tissues between phosphorus-

deficient plants and healthy plants. In the present paper, near infrared reflectance spectroscopy was used to provide diagnostic

information on phosphorus deficiency of mini-cucumber plants grown under non-soil conditions. Near infrared spectra was col-

lected from 90 leaves of mini-cucumber plants. Raw cucumber spectra was preprocessed by SNV and divided into 27 intervals.

The top 10 principal components (PCs) were extracted as the input of BP-ANN classifiers by principal component analysis
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(PCA) while the values of nutrient deficient were used as the output variables of BP-ANN and three layers BP-ANN discrimina-
tion model was built. The best experiment results were based on the top 3 principal components of No. 7 interval when the spec-
tra was divided into 27 intervals and identification rates of the ANN model are 100% in both training set and the prediction set.
The overall results show that NIR spectroscopy combined with BP-ANN can be efficiently utilized for rapid and early diagnostics

of phosphorus deficiency in mini-cucumber plants.
Keywords Diagnostics of deficiency; Near infrared spectroscopy; Phosphorus; Mini-cucumber plants; BP-ANN
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