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Fig.1 Original spectral reflection curve of jujube leaves
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ARG IS S 2 S AHIE R EL Correlation coefficient curve be-
tween the original spectrum and total nitrogen content; B:— B i 43
ik 5 4 R & A 5& R B Correlation coefficient curve between the
first order differential spectrum and total nitrogen content.
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Fig.2 Correlation coefficient between spectra and total
nitrogen content of jujube leaves
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Fig.3 Normalized difference vegetation index related images
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Table 1 Vegetation index table based on sensitive variables

A4k Variable Ji#E Equation Correftijoig;fffﬁciem
1(Ryys) y=1.352—0.777Ry 0.777
2Rsy5, Rigs) y=1.353—3.271R;s+2.494R; 0.778
3Ry, Riss» Ror) y=1.343—4.089R: 5+ 3.780R;;—0.487Ry, 0.784
URs 5, Riss» Reor s Rags) y=1.430—12.957Rs T 14.474R 55— 0.172R;—2.128R ;5 0.818
5(R'519) y=1.337—0.750R 5,4 0.751
6(R'519,R's55) y=1.382—0.417R",},—0.341R".,,, 0.753
7(R'519,R 555, R ss3) y=1.380—0.407R';;,—0.301Rs,; —0.053R 5, 0.754
8(R'510, R 575, R s30) y=1.356—0.843R"1,—0.337R;,;—0.210R 55, 0.776
IR 514, R 530, R 505 R 592, R 505) y=1.368—0.338R 51, +0.07R 53— 0.088R 55— 0.243R 55, —0.831 R'gy, 0.780
10(R 510, R 505, R 515, R 505, Rig1 Rlgzo, y=1.397—0.837R';1o—0.104R’;,;—0.259R"5,;—0.238R5;;—0.362 R'g,,+0.147 0.801

/ / /
R 659’R GQZ’R 693)

R,(s:m* 0-252Rlﬁs9+ 0. 559R,6927 0'768R,ﬁ93

H1 2 AT, oh iR G 5 A i (A8 370 4) 4 A
AR R B B D 7 A A2 B UL S YRR A 4 T — B il
3G (R R 9 HN10) AR R B R T 0.7, e
BT IR G AR B A AR SC R B R T 0.8

HL AR BOR k22 0 5[] Y A8 8 38 31 i RAH 5 AR AL
0.813; 2 T — B o e i A8 i 9 19 — ik 2 W el 4
R A DG R B AR, 2 0772, A8tk g 1l )5 75 20y el
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Table 2 Model based on vegetation index

ZE Rt Variable 775 Regression method F7 % Equation ] *H?é/%ﬁ N
Correlation coefficient
24k Linearity y=1.47220—0.641 0.782
F8%L Index y=0.259¢-#6* 0.782
3(Rsy, Rz, Reor) - 5
% Power y=0.8522""4 0.781
k£33 Quadratic polynomial y=3.0342"—6.103x+4.082 0.783
281k Linearity y=0.787x+0.311 0.802
FEH Index —0.5729¢"5 0.812
4(R‘34G ’ R556 YRG(W ’R7(]5) — y 735
& Power y:l.097f°"‘“ 0.813
Wk ZWi Quadratic polynomial y=0.2652"+0.188x+0.648 0.814
2k Linearity y=17.901x—23.125 0.761
R FEH Index —2E— Qe+ 0.764
OR 514 R s R s, R s R ) " Y -
4+ Power y=0.00242*"%* 0.764
Z £ Wi Quadratic polynomial y=1004.12"—2709.82+1829.4 0.772
2t Linearity y=34.305x—46.536 0.771
10(R 519, R 555, R 545, R 515, H8 L Index y=TE—18¢*1% 0.774
R’614 > Rlﬁ:sy , Rl(ss.q s R’wz s R,w:s) %% Power 31:21;:*061"”‘676 0.773
k£ 31:L Quadratic polynomial y=3075.62"—8524.4x+5907.6 0.781

24 MHRERREERXIE

b A E PSS @ S NI R AW AT S5
FIRE BERGIS , S T AS 3, B T AR B 4 OB R% )
T HAAS G, R m A5 0.655; 3 TAR i 9 (UL R2 4%
K H/NF 0.6, I, B RPKTF 0.6 AREAIAC A SGIE
ARG — L I0UF . SR UESE R (R 3) W, 43 m] Y
R LA g RBCR ¥ KT 0.75, RMSE #{% F
0.1, FEF IR LS A A BT oy A8 it 3 (R PSR

TR %5 L R 4 0.792, RMSE 4 0.019 1; 728 ¢ 4
G TR i R e TAR B 3, REM KT 0.8, Hih e
HIORE 7Y 350 OKS B fe |, R A %) 0.828, RMSE 28
0.024 5; =¥k Z 3 LR 7Y i) TR FE A AR T 1 &
RABIES] T E 19 0.821. T —M e & 10
) R Z I A ALY R? R 0.785, RMSE 47 0.024 1,
BV A 45 R UL IR 4,
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Table 3 Test of the fitting precision parameter of the model

A8 Variable [ 77 X Regression method J7## Equation R? RMSE
&1k Linearity y=1.4722—0.641 0.792 0.0191
R AL Index y=0.259¢!*% 0.788 0.019 2
3(R546 ‘R.');ﬁ ’R6()7) — 1.527
7 Power y=0.852x"" 0.778 0.019 4
R £ i Quadratic polynomial y=-—9.094x"+23.1280—13.416 0.785 0.024 8
2k Linearity y=1.057x—0.055 0.819 0.038 4
FEEL Index y=0.573¢"5% 0.813 0.025 1
4(R54G ’ RE‘)(S YRG(W ’ R703) J— 735
i+ Power y=1.0972"7 0.821 0.024 5
k£ Wi Quadratic polynomial y=0.2652"+0.188x40.648 0.813 0.0252
10(R,519VR,52:§7R,S43’R,573’R,614’ — v N . . 2 n =
£ Wi Quadratic polynomial y=3075.62"—8524.4x+5907.6 0.785 0.024 1

/ / / /
R 639> R 659 R 692> R 693)

38 1 372 ¥ ) 5 9] 5 (support vector regression,
SVR) J5 X E s 471000, 45 SR W 5 s . | A
5 AL, SR ) g n] U 7 v AR UG RAFRICR  (HA
TS i (5 70 1) R* (B R RMSE {5349 & pE T
SR ENH Tk

3 W it
RAEBHYIT R MR R RS MR
AR DL P i T B AL ), S AR A PR
AR OLER . BRI A e R R it
TR R, OG5 VR AL 3 ]I 2 EAR 2R B9 AR A AR
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Fig.4 The fitting test of high precision model
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Fig.5 Support vector regression model fitting test
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Method for characterizing nitrogen in jujube leaves based on
hyperspectral analysis

LI Xu"?,SHI Ziyan', LIU Wei',BAI Tiecheng', WU Cuiyun*, ZHANG Yuyang”, WU Jingming'

LInstitute of Information Engineering, Tarim University/Incubation Base of Ministry of
Education Key Laboratory of Agricultural Artificial Intelligence, Tarim Oasis, Alar 843300, China;
2.National Local Joint Engineering Laboratory of High-Efficiency and High-Quality Cultivation and Deep
Processing Technology of Southern Xinjiang Special Fruit Trees, Tarim University, Alar 843300, China

Abstract Jujube as one important economic crop in Southern Xinjiang was used to analyze the rela-
tionship between raw spectra and first-order differential spectra of jujube leaves and the content of total ni-
trogen with hyperspectral techniques. A model for predicting the content of nitrogen was established to pro-
vide a theoretical basis for nitrogen monitoring and precise fertilization during jujube cultivation. Spectral
sensitive variables were used to construct vegetation indices as derivative variables. Multiple linear and non-
linear models for predicting the content of nitrogen were established using derivative variables as variables.
The accuracy of models for predicting the content of nitrogen was tested. Results showed that the fitted de-
cision coefficients of models based on the original spectra and first-order differential spectra of jujube trees
were greater than 0.75. The overall prediction performance of the original spectral variables was better than
that of first-order differential spectra. The best prediction was based on the power function model of the
original spectral variables 4: Nit =1.0972"", R*=0.821, and RMSE=0.024 5. It is indicated that the
model established for predicting the content of nitrogen can achieve good effect of monitoring nitrogen in ju-
jube tree based on hyperspectral reflectance characteristics, and can serve as an important theoretical basis
for the nutrient diagnosis of jujube tree.

Keywords hyperspectral ; jujube leaf; content of total nitrogen ; predictive modeling ; linear model
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