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Estimation Model of Nitrogen Content for Citrus Leaves by Spectral
Technology Based on Manifold Learning Algorithm
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Abstract; Traditional methods of obtaining nitrogen content of citrus leaves are time-consuming, and the
process is cumbersome and harmful to citrus leaves, which need proficient experiment techniques and
amounts of instruments, equipment and chemical reagents. According to the high dimensionality and
redundancy of origin spectral reflectance, a nitrogen content obtaining method of citrus leaves was
provided based on manifold learning algorithm which was applied to the high-dimensional spectral vectors
for dimension reduction and feature extraction. During four different growth stages, corresponding to
germination, stability, bloom and picking stages, spectral reflectance of citrus leaves were measured by
the ASD FieldSpec 3 spectrometer, respectively, and at the same time, nitrogen content of citrus leaves
was obtained by using Kjeldahl method. For data processing, firstly the parameter combination of wavelet
denoising which was used to the high-frequency noise removal was optimized through orthogonal test, and
then the principal component analysis ( PCA ), multidimensional scaling ( MDS ), locally-linear
embedding ( LLE ), isometric mapping ( Isomap) and laplacian eigenmaps ( LE) manifold learning
algorithms were applied to extract features of original spectrum and denoised spectrum. Finally, the five
corresponding support vector regression ( SVR) prediction models of nitrogen content for citrus leaves
were established based on their features. Experiment results reveal that the five manifold learning

algorithms can be effectively used to predict nitrogen content of citrus leaves, which provides theoretical
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basis for obtaining nitrogen content of citrus leaves rapidly and non-destructively, as well as in growth

monitoring and variable-rate fertilization.

Key words: Citrus leaves Nitrogen content
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Tab.1 Factors and levels of orthogonal test

EX
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N R R A SR 2% B BIfE T % C
1 haar 1 rigrsure
2 coif2 3 heursure
3 sym8 5 sqtwolog
4 db4 7 minimaxi
2 EREHT

2.1 AEEKHAMEHRFNERSESH

TEXT R & BRS04 13 A FE b
A [\ — > FA BIKOF 1 25 T A b BEA IF R — A A Ak
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BN, CK AR ER T A0 0 g/ (BR- 1) ) I 4 4>
KA R AL FRK P T A AR A 1 i R /L B (B
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Tab.2 Descriptive statistics of nitrogen content

during different growth stages g/kg
fib 7 Wy 25 40 ORI RN SRR
N, 28.6133 30.397 4 29.156 2 26.2110
N, 26.322 1 29.464 3 28.564 7 24.9879
N, 24.8372 27.2351 26.137 1 22.2108
CK 20. 4819 24.1156 22.0156 19.2217
S E 25.063 6 27.803 1 26.468 4 23.157 8

2.2 AREEREAKF THE B IERES
1 D AR B 27 I 4 AN [R) S0AL BRSSP R At
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Fig.1 Reflectance spectra with different nitrogen

treatments at germination stage
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3 LR, LR C X At B M g 52 AR R
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AR A 53R LT 7 BT (PCA) (2 4E RUE



% 6 1)

T4 45 FETUIE A 3T B0k B AR v R Dl i Al A 247

x3 WEFHNIEREREZTKEHRESWER
Tab.3 Range analysis results of wavelet denoising

orthogonal test at germination stage

£k ek
A B c
K, 0.761 0 0.7653 0.787 6
K, 0.786 0 0.779 6 0.773 6
Ky 0.7725 0.761 1 0.7713
K, 0.766 6 0.780 1 0.753 6
R 0.0250 0.0190 0.0340
1757J<$ A, B, C,

K Ky Ky Ky FE—IKCF PR PRI, R 22, T IRl

A4 (MDS) | Ja) B 2k P ik A (LLE) | 45 B Bt 5
(Tsomap) (L% 7 45 AE We 5if (LE) #E47 471 $2 1,
FEXT U IE 4E RN Sy B S SO R BOR AN 1Y B i
% F I oM £k B /D A B 7% ( Geodesic minimum
spanning tree, GMST) ™" 5 )t it % 4 o #9 A% 4 3
TE AE R, f 2K 4R BRI R AR B5 4 5 A S ) S ATL [l
9 ( Support vector regression, SVR) £ AU Hr f £7 7 5%
MU, SVR Y 1E U 50 2 8 € 4% ) i pR % ( Radial
basis function, RBF) [ 4% 2 ¥ y il i #% s 48 R 2
(grid search) 138 X B F 5 ( cross validation ) 15 B %
DUAEL, AR IE SR ASE 1 e i 2R 0 A IE AR 1 7 iR 22
0 UE AR LR e 72 BORN 30 TR AR 35 7 AR 25 45 PP A
fabr , ERLLE IR INE 4 PR
x4 PHFHMHBHRFESEMNERNBZELER

Tab.4 Modeling results of citrus leaves nitrogen content

forecasting models at germination stage

KRS LoghE o
JuUE B E BT
A% wE R¥ %

ik [i] I WE
K Jitk iy

PCA - SVR 6 0.8951 0.5609 0.8421 0.6687
JE MDS - SVR 6 0.8793 0.5898 0.8147 0.7086
ﬁ‘@ LLE - SVR 6 0.8553 0.6510 0.8214 0.6883
i Tsomap—SVR 6 0.8770 0.6013 0.8596 0.6442
LE - SVR 6 0.8673 0.5799 0.7785 0.7613
PCA —SVR 5 0.8969 0.5555 0.8767 0.5609
+* MDS - SVR 5 0.8986 0.5503 0.8607 0.6251
ﬂj% LLE — SVR 5 0.9026 0.5434 0.8669 0.6198
i Isomap—SVR 5 0.9439 0.4285 0.9014 0.5453
LE - SVR 5 0.8850 0.5618 0.8726 0.5731

N 4 FE RGN S 63 5
5 Ffif T 2 20 0k R B S TOUIASE 7R 35) R A At Xt A
f e R S e R A A ] T WU, p Tsomap —
SVR ) SR8 SR fc B, A58 1 4 A0 6 F 48 1 5 R e
ZB RSy B3k 0. 943 9 F1°0.901 4, %17 19 24 77 R
P4 0.428 5 1 0.545 3, PCA — SVR Rk 2,
MDS — SVR # AR 0 A fie 22 , (H L 56 1F 4 455 70 e R

B R RERIKF] T 0.860 7, 34 J5 R 22 H 0. 625 1,
[l Ff 2 4 25 SRR WSR3 08 5 B0 /0N e 25 1 ) sl o
DT AT A PR ] A 418 v S 00 A TR ) s A
AE , LA Isomap — SVR BT Ay 5] , 45 1 £ 1 98 0E £ (1 45
TP SE F AR 43 50 Lo 4 L o A A 4 1
T 7.63% Fil 4. 86% , 277 MR 22 53 5l Ho HL % H Jsdh
T L B AR T 28, 74% F1015.35% o K I b
2Lt /N A IR T T B D O T Al R 2 ) i 2
Je BRGTE BOHE BO AS IR TR 4E RO W), /T e 2
T A BT AEAE MR T, 2 0 1 e
2 15 A W P R Bl B ) R T R AR TN 2R
T AT 25 MR AR P A b E A
2.3.2  RORWIMHE MR RS R

HRAE R S 19 IE S0 o0 Mr 46 0, 2 5 e K
A ABC, RN R B sym8 I3 fif J2 BU 7
9 B J5 58 /& heursure LI, x5 2R 03 A JiE 4 D' 1% KX
Yo AT 7N 2 e

£5 BREMNMEEBRESKRIORES LR

Tab.5 Range analysis results of wavelet denoising

orthogonal test at stability stage

E1=R 7R HE
A B C
K, 0.797 0 0.8143 0.8102
K, 0.7997 0.796 2 0.816 1
K, 0.828 6 0.804 4 0.8123
K, 0.8191 0.829 4 0.8057
R 0.0316 0.0332 0.0104
PR A B, G,

[F) A 3t , A48 6 35 B30 0 28 /0N i 25 W S 14 '
T REAE by i AR A 2 ) 2R 3R 0 23 B (PCA) |
ZHYE R E 4 (MDS) Jay i &Mk A (LLE) (55
¥ (Tsomap ) L3 A7 30747 Ak RS (LE ) X k17 45 Ak
P IR0, FF R AR B 3 A SCHF 1) & AL ] ( Support
vector regression, SVR) @ 37 A A i 7 & & 12t T 84
R R R ANER 6 TR

12 6 AT, S 2RO ), AR RS SR I I, MDS —
SVR HEHNH ST ARG I 280 fa T AR ) S R
BT 58 TE B R TE A 0 A5 gl R R 43 ) i i
0.9675 F10.934 4, % I iR ZE R 0.321 1 I
0.439 4 ,Tsomap — SVR # BRIk 22 ,PCA — SVR i B |1y
HERERIOR e 22, AR TE B8 0 30 ik 4R 1) B AR T AR K
R*Z3 511k 0. 940 4 F1 0. 892 4, X Jij (4 44 )5 AL 1% 2% H
0.4415 #10.5370,
2.3.3 CHIRGERBIHIE AU AL b

MG R 7 B9 IE SR 5 o B 45 28, ik  d K P
HE AB,C, RI/NBHE R sym8 70 i 2 H0E S
B Jy 58 S rigrsure B, Xof oH: SR A2 AR B P9 J 46 o6 %
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Tab.6 Modeling results of citrus leaves nitrogen content

forecasting models at stability stage

KIESH KriiE 4R
JUE OB sE BT

ik myE| WE
K WRES iR

PCA - SVR 7 0.8753 0.5987 0.8507 0.6526
JE MDS - SVR 7 0.8685 0.6127 0.8380 0.6734
7@ LLE — SVR 7 0.8921 0.5665 0.8559 0.6460
i Isomap—SVR 7 0.9011 0.5464 0.8739 0.6027
LE - SVR 7 0.8925 0.5664 0.8096 0.7285
PCA —SVR 6 0.9404 0.4415 0.8924 0.5370
I MDS - SVR 6 0.9675 0.3211 0.9344 0.4394
ﬂﬁ% LLE — SVR 6 0.9479 0.4125 0.9249 0.4673
% Isomap—SVR 6 0.9569 0.3723 0.9283 0.4683
LE - SVR 6 0.9575 0.3707 0.9102 0.5258

x7T HREHBNMEEREZTREHRESFTER
Tab.7 Range analysis results of wavelet denoising

orthogonal test at bloom stage

£k oy HE
A B C
K, 0.733 1 0.7308 0.7452
K, 0.728 7 0.7353 0.7327
K, 0.7457 0.736 9 0.7325
K, 0.7303 0.734 8 0.727 4
R 0.0170 0. 006 1 0.017 8
K Az B, ¢,

B T D' T R R 28 /0N I 2 W S G 1 R
BRSO A S R L o7 o) B0k 2R AT R AR S B,
e 2 8 AR BOHE 5 A SCHE 1A S HIL JEL S (Support
vector regression, SVR) # 37 A% I A &L & & T ) 4%
B EREAE AN 8 PR o

x8 MHREHUAHEHBHAIZRSEMNREEELER
Tab.8 Modeling results of citrus leaves nitrogen

content forecasting models at bloom stage

BESE Ko 4
WoE PR E M
A W% RN W

i [u] I wE
B iR %14

PCA - SVR 8 0.8781 0.5611 0.8359 0.6859
JE MDS - SVR 8 0.8533 0.6493 0.8178 0.7049
7\,@ LLE - SVR 8 0.8377 0.6768 0.8034 0.7276
i Isomap—SVR 8 0.8852 0.5629 0.8428 0.6630
LE - SVR 8 0.8442 0.6610 0.7768 0.7659
PCA - SVR 7 0.8794 0.5735 0.8446 0.6520
* MDS - SVR 7 0.8844 0.5619 0.8605 0.6357
u;% LLE — SVR 7 0.9147 0.5390 0.8954 0.5576
i Isomap—SVR 7 0.8968 0.5575 0.8711 0.5843
LE - SVR 7 0.8849 0.5631 0.8506 0.6500

o1 8 nl A&, 7E A R A A I 4, LLE — SVR #
T 1) ARSI B 0, 0 I R B £ 1 A R e S AR
¥ R4 304 0. 914 7 F10. 895 4 % 1 fry 14 7 ML i 22
S 0.539 0 Fi1 0.557 6, Isomap — SVR & A ik =,
PCA —SVR K RY 4 i 455 20 R o 22, A T 4 R 36 3k
S BEARL Y RACR 53 519 0. 879 4 71 0. 844 6, %F
MY RN 0.573 5 F10.6520,
2.3.4 RORIWINHE MR RS R T
M 9 1 1E A 7 A 45 2R, e 4% de K P
i ABC BN R B dbd | o3 fift )2 B 7
19 E J5 58 & minimaxi AL, % SR SR N R AR 6 1% KL
P AT /NI M
R RRBMNEEBEZHBEHOMESNER
Tab.9 Range analysis results of wavelet denoising

orthogonal test at picking stage

£k o Rks
A B C
K, 0.716 8 0.7240 0.728 2
K, 0.7272 0.7257 0.718 7
Ky 0.7338 0.7277 0.7297
K, 0.734 4 0.7347 0.7355
R 0.017 6 0.0107 0.0168
ook A, B, c,

oy R ESCHR R S R RE o > Bk xR O
TR A R 2 /N 2 W ) D' T ROH AT R AR SR
K e A BOHE T A SCHRF 1) i HL[ELJS (Support vector
regression , SVR ) 8 57 A A% It A 40 7 0 19000 A6 Y,
BEAE RN 10 Frs

F10 XRRPHBHAAERNRBEESER
Tab.10 Modeling results of citrus leaves nitrogen

content forecasting models at picking period

W IF 4 LiATES
weE BT g MR
A wE A wE

ik mpS| e
X IR e

PCA - SVR 9 0.8150 0.7120 0.7651 0.7733
JE MDS - SVR 9 0.8285 0.6945 0.7792 0.7586
ﬁ‘@ LLE - SVR 9 0.8174 0.7046 0.7562 0.7845
ji%  Tsomap—SVR 9 0.8412 0.6631 0.8268 0.6846
LE - SVR 9 0.8527 0.6562 0.7462 0.7978
PCA —SVR 7 0.8728 0.5779 0.8535 0.6477
* MDS - SVR 7 0.8828 0.5465 0.8416 0.6632
g% LLE — SVR 7 0.8817 0.5830 0.8619 0.6340
% Isomap—SVR 7 0.8965 0.5557 0.8779 0.6048
LE - SVR 7 0.8634 0.6286 0.8349 0.6853

3 10 AT, 2SR R I N, Isomap — SVR #R 7l
7 6 7 R B AR i R O S
T 45 T 36 1E 4 Ay 4 R e R R* 43591 4y 0. 896 5 FlI
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0.877 9, %7 i ¥4 7 A% 2% 24 0. 555 7 1 0. 604 8,
LLE — SVR /IR Z , LE — SVR #5578 ) £ 155 300 R B
2, HORE IE 4 A0 06 UE 45 B0 BE R ok R B R 42k
0.863 4 F1 0.834 9, % i 1) 141 J5y AR 1% 22 24 0. 628 6 I
0.685 3,
2.4 FBEKHEMNERILRSSH

TR AR o8 3R A 2 A AR A R R S T R
AR T AT AR R R OGS A 5 E A BT, A
5 43 LUk 6T 25 A AR K AT R A, ST R
[F) A= A A A7 i R R0 o O AR Y

W B A A R e I T A AR 2 B S A
SEAIEGC SR, R 11 FR NPT E L BN E K
MR E 22 i 50 15 3 1Y Je fR /Nl B RS B A &
AHTE] 0 28 305 /N BRI coif2 o3 i )28 7 LIS {E
J5 %8 rigrsure” K2 S Oy /N pR B sym8 43 il )2
BT (BB U7 5 heursure” SRR A S /N i BE R
B sym8 I3k JRH S VBB T 58 rigrsure”, SRR R
“UNPEHE PR AL dbd 3 iR 2 E T (B U7 28 minimaxi”
TS A AR A B e N D 2 M S RO A A& S A TR
P8 D DT 2 < 5 5l 7 SR B Y R o A 32 B
B BIL s P 0 B MR RS A TR 1 T, S TRl T

DT R i B 5 RS B S8 TR R 0 A g
LA S D7 TRVHR AT AE — 52 1 22 5%, /NI R IR S M2 Bl
A M P R A A [ T A R DR B T A A AR R
AR/ N L RS LA A A TR 1 D

ML A n] 75 Y, 4 AR R 9 e A [ 9
A Y o A RUAR ], 7 28 300 R0 R 2R 90 1 e £ [ 1
AR Tsomap — SVR SR WIJE MDS — SVR 23
FERSIE LLE — SVR, HoXJ I 09 3 18 4 £t A A
[l o X RO I S 3 S S 5 sz e BT A A 4k
SEIR AT LR S R, AN [ AU R P A% A 2 A
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Tab.11 Parameters and results of optimal forecasting models of nitrogen content for citrus leaves

during different growth stages
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