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0.7769.0.0258; SNV PLS R, 0.8 RMSEP
a R, ~RMSEP 0.0188 MSC PLS
0.7925 0.0481; o
1
Table 1 Nitrogen and photosynthetic pigment content of test plants
/
66 3.9904% 2.6006% 3.1151% 0.2895%
22 3.6285% 2.6226% 3.1009% 0.2773%
66 1.1129%o 0.4799%0 0. 6680%0 0. 1122%o
a
22 0. 8594 %o 0.4959%o0 0.6627%0 0.0986%0
66 0.5050%0 0.2038%0 0.2863%0 0.0514%o
b
22 0.4802%o 0.2041%o 0.2833%0 0. 0453 %o
66 0.3015%o 0. 1426%0 0. 1927%o 0. 0266 %o
22 0.2319%0 0. 1524%0 0. 1903%o 0. 0222%o
2 PLS
Table 2 The results of PLS prediction models based on different spectral pre-processing methods
R, RMSECV R, RMSEP
0s 5 0.7860 0.1776 0.7690 0.1240
MSC 3 0.7849 0.1780 0.7572 0.1304
SNV 3 0.785 0.1779 0.7574 0.1304
0s 5 0.7814 0.0694 0.7459 0. 0531
a MSC 4 0.7956 0.0672 0.7913 0.0483
SNV 4 0.7967 0.0671 0.7925 0. 0481
0S 6 0.7876 0.0314 0.7769 0.0258
b MSC 3 0.7651 0.0329 0.7421 0.0275
SNV 3 0.7644 0.0329 0.7471 0.0277
0s 7 0.8238 0.0150 0.8075 0.0186
MSC 5 0. 8438 0.0142 0.8229 0.0188
SNV 5 0. 8451 0.0141 0.8222 0.0188
3.2.3 MLR N a. b
PLS
o SNV
N a. b MLR
RMSEP o

( MLR) ( 3) R, 0.80
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3

MLR
Table 3 Results of MLR prediction models based on different spectral pre-processing methods

R, RMSECV R, RMSEP

0S 0.7941 0.1746 . 7830 0.1263

MSC 0.8038 0.1710 . 7440 0.1416

SNV 0. 8040 0.1710 . 8036 0.1363

0s 0.8072 0. 0655 7558 0.0519

MSC 0. 8205 0.0639 L7297 0.0596

SNV 0.8430 0. 0595 . 8065 0.0427

0S 0.7922 0.0311 . 7366 0.0285

MSC 0.8104 0.0299 .7505 0.0282

SNV 0.8241 0.0289 .8107 0.0243

0s 0.8519 0.0138 . 8044 0.0203

MSC 0.8562 0.0136 .7982 0.0205

SNV 0.8658 0.0132 . 8067 0.0173

3.2.4 R, 0.75. MSC
PCR a
4 MSC.SNV R, 0.7870  0.8126;
( PCR) b 0OS SNV
4 PCR
Table 4 Results of PCR prediction models based on different spectral pre-processing methods

R, RMSECV R, RMSEP

0s 7 L7813 0.1793 0.7690 0. 1231
MSC 5 .7857 0.1777 0. 7669 0.1301
SNV 5 .1857 0.1777 0.7667 0.1300
0s 10 . 8055 0. 0658 0.7734 0.0512
MSC 8 .8154 0.0643 0.7870 0.0496
SNV 6 .7926 0.0677 0.759% 0.0529

0s 10 L7877 0.0314 0.7789 0.0261
MSC 8 . 8001 0.0306 0.7851 0. 0258
SNV 10 . 8226 0.0290 0.8092 0.0249
0s 10 .8516 0.0138 0.8043 0.0203
MSC 8 . 8535 0.0138 0.8126 0.0194
SNV 8 . 8537 0.0138 0.8121 0.0195

3.2.5
( RBF)

RBF (

( LSSVM)
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2012) SNV
o RBF LS- LS-SVM
SVM ; v  RBF R, 0.7809  0.8535 RMSEP
o’ ( 2011) 0. 1875 0. 0117;
Yy o v LS-SVM a b
o’ R, 0.7765  0.7607
o 5 LS-SVM RMSEP
5 LS-SVM
Table 5 Results of LS-SVM prediction models based on different spectral pre-processing methods
R, RMSECV R, RMSEP
0S 7 0.8375 0.1619 0.7806 0.1853
MSC 6 0.8170 0.1724 0.7698 0. 1890
SNV 7 0. 8369 0.1636 0.7809 0. 1875
0S 6 0.8413 0.0620 0.7765 0.0621
a MSC 4 0.7585 0.0734 0.7530 0.0661
SNV 5 0.9357 0.0403 0.7806 0.0642
0S 6 0.7671 0.0332 0.7607 0.0300
b MSC 6 0.8948 0.0241 0.7917 0.0281
SNV 6 0. 8386 0.0286 0.7687 0.0293
0S 5 0.8078 0.0158 0.7086 0.0155
MSC 6 0.8758 0.0133 0.8481 0.0117
SNV 6 0. 8746 0.0131 0.8535 0.0117
3.2.6 LS-SVM R,
0.8535 RMSEP 0.0117,
— 5 SNV 4
MLR N
a b R, SNV
0. 8036.0. 8065 0. 8107 RMSEP MLR
0.1363.0.0427  0.0243; L5-SVM
SNV °
6
Table 6 Best prediction models for nitrogen and photosynthetic pigments content of citrus plants
R, RMSECV R, RMSEP
MLR SNV 0.8040 0.1710 0.8036 0.1363
a MLR SNV 0.8430 0.0595 0. 8065 0.0427
b MLR SNV 0.8241 0.0289 0.8107 0.0243
LS-SVM SNV 0.8746 0.0131 0.8535 0.0117
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Estimation of nitrogen and pigments content in

citrus canopy by low-altitude remote sensing

LIU Xuefeng' LYU Qiang' HE Shaolan' YI Shilai' XIE Rangjin'
ZHENG Yonggiang' HU Deyu’ WANG Zhitao' DENG Lie'’

1. Citrus Research Institute Southwest University-Chinese Academy of Agricultural Sciences Chongqing 400712  China;

2. Southwest Fruit Experiment Station Chinese Ministry of Agriculiure Chongqing 400712  China;

3. College of Horticulture and Landscape Southwest University ~Chongqing 400715 China

Abstract: Remote measurement and diagnosis of the plants nutritional status is an important means for efficient easily and simple

management system and high-yield and high quality cultivation. So far there is not yet much research on the nutrition diagnostic

of fruit trees through low-altitude remote sensing data. We carried out the following experiments in order to provide a theoretical

basis and technical support for the research and development of nutritional diagnosis technology of fruit trees based on low-altitude

remote sensing data. In this work the multispectral image information of ‘Hamlin’ orange plant canopies were obtained by a

multi-spectral camera array mounted on the eight rotor Unmanned Aerial Vehicle ( UAV) at an altitude of 100 m above the canopy
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at 11:00—13:00 on a sunny day in spring. Then the multi-spectral images were pre-processed by PixelWrench 2 of tetracam
average spectral reflectance of the whole canopy were individually extracted based on ENVI 4.7. Twenty leaves from the mature
spring shoots were collected from around crown of every tree. Total nitrogen chlorophyll a chlorophyll b and carotenoids contents
of each plant were measured in the laboratory. The characteristic wavelengths were extracted by means of the correlation analysis of
the average spectra of the plants with the nutrition content. A total amount of 88 citrus trees were collected and randomly grouped
into two sets of samples: 66 plants for the calibration set and 22 plants for the prediction set. The two kinds of spectral pre-process—
ing methods ( Multiplicative Scatter Correction ( MSC) and Standard Normal Variable ( SNV)) were adopted and four kinds of
modeling methods ( Partial Least Squares ( PLS) Multiple Linear Regression ( MLR)  Principal Component Regression ( PCR)
and Least Squares Support Vector Machine ( LS-SVM) ) were employed to estimate total nitrogen chlorophyll a chlorophyll b
and carotenoids content in canopy leaves. The results showed that the prediction accuracy of the MLR model based on SNV spectral
pre—processing methods was the best for the prediction of total nitrogen chlorophyll a and chlorophyll b content correlation coeffi—
cients of prediction (R,) were 0.8036 0.8065 0.8107 and Root Mean Square Error of Prediction ( RMSEP) were 0. 1363
0.0427 and 0.0243 respectively. The LS-SVM model based on SNV spectral pre—processing methods for the carotenoids content of
crown was the best which is with R =0.8535 RMSEP =0.0117. The results demonstrated that the airborne multi-spectral image
information of citrus plants canopy could be used to estimate total nitrogen chlorophyll a chlorophyll b and carotenoids content in
canopy leaves. This research results would provide a new way for accurate efficient prediction of plants nutrition status of large—
scale citrus orchards.

Key words: sweet orange canopy photosynthetic pigments nitrogen low-altitude remote sensing
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