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Estimation of Total Nitrogen Content in Canopy Leaves of Apple Trees Based on

Hyperspectral Remote Sensing

XIA Yuanyuan, FENG Quan, YANG Sen, GUO Faxu
(School of Mechanical and Electrical Engineering, Gansu Agricultural University, Lanzhou Gansu 730070, China)

Abstract: Quickly and accurately obtaining total nitrogen content ( LNC ) of canopy leaves in large-scale orchards is a basic require-
ment for achieving modern precision agriculture. Canopy spectral images of two typical orchards in Jingning County, Gansu Province
were collected using a drone hyperspectral imager ( 391.9 to 1006.2 nm ) , including artificially irrigated apple demonstration orchards
and naturally rained apple orchards. Original spectral reflectance (OD) , reciprocal spectrum (RT) , logarithmic spectrum (LF ) ,
and first-order differential spectrum ( FD ) of 160 canopy leaf samples from two regions were comprehensively compared. Difference
spectral index ( DSI) , soil adjusted vegetation index ( SAVI) , and normalized differential spectral index ( NDSI ) for any combina-
tion of two spectral bands were constructed, correlation between three spectral indices and leaf nitrogen content was analyzed, and a uni-
variate linear regression model and spectral indices were used to construct the best LNC estimation model for apple canopy in two re-
gions. Research showed that correlation between FD-SAVI ( 825, 536 ) in artificial irrigation areas and LF-SAVI ( 854, 392 ) in nat-
ural rainfall areas was the strongest, and a univariate linear regression model was constructed based on FD-SAVI and LF-SAVI. FD-
SAVI-ULRM estimation model constructed in artificial irrigation areas has the highest accuracy and validation set R? and Eyyg; were 0.660 1
and 0.067 8; LF-SAVI-ULRM estimation model constructed in natural rainfall areas has the highest accuracy, with validation set R? and
Eruse was 0.674 6 and 0.066 5. This experiment used the LNC model to draw the LNC estimation maps of apple tree canopy leaves in two
experimental areas, achieving precise control and refined management of total nitrogen content of orchard leaves.
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Fig. 2 Original hyperspectral reflectance curve
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Tab. 1 Statistical characteristics of leaf nitrogen content in artificial irrigation area
B il 4 T A £ 2 IR /ME /% & K AE /% 39 {5 /% 3 1 2 /1% 5 R %
AR 54 1.41 2.56 2.00 0.29 14.5
T £ 26 1.46 2.64 2.00 0.28 14.0
SUE 80 1.41 2.56 2.00 0.29 14.5
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Tab. 2 Statistical characteristics of leaf nitrogen content in natural rainfall areas

K4t 4 FEA SR 5 /ME % I KAE /% M 1% bt 22 /% 5 R %
BEE 54 1.67 3.16 2.17 0.28 12.9
BRI 26 1.67 2.61 2.11 0.21 9.9
S 80 1.67 3.16 2.15 0.27 12.6
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Fig. 3 Correlation between any two bands combination and LNC in artificial irrigation area
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Tab.3 Correlation coefficient of spectral index between artificial irrigation area and different transform
O % W B /nm 5 ¥ Bt /nm
A5 4ok i o % 48 AL - - AR R R A 45 J6 1% 4R AL - - AR RE R
WK1 K2 K1 W2
DSI 832 821 0.707 DSI 672 654 0.616
oD SAVI 832 821 0.708 LF SAVI 651 682 0.587
NDSI 832 821 0.707 NDSI 651 682 0.590
DSI 821 828 0.696 DSI 825 538 0.748
RT SAVI 821 832 0.707 FD SAVI 825 538 0.749
NDSI 821 832 0.707 NDSI 825 742 0.724
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Fig. 4 Correlation between any two bands combination and LNC in natural rainfall area
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Tab. 4 Correlation coefficient of spectral index between natural rainfall area and different transform
6 1% B /nm % U B /nm
A2 4 e 1k o i 5 # - - KRB R AR e G v o i 5 - - R RE R
) o WK1 WKl ) " WK1 WKl
DSI 438 854 0.693 DSI 392 887 0.667
OD SAVI 395 858 0.708 LF SAVI 854 392 0.712
NDSI 392 887 0.645 NDSI 854 392 0.704
DSI 434 428 0.500 DSI 950 760 0.697
RT SAVI 887 392 0.641 FD SAVI 950 760 0.697
NDSI 887 392 0.640 NDSI 534 616 0.536
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Tab. 5 LNC estimation model of spectral index of artificial irrigation area

e e o ALY %o if 4
A2 4 e 1 ot % 5 % |l = 75 78 e o 7 Fore

DS Ig32.801) y=0.2468x—0.0027 0.526 5 0.074 6 0.5650 0.0738

oD SAVIg3.81) y=3.0125x-0.0209 0.5550 0.074 8 0.586 4 0.0723
NDSIg32.821) y=—8.1631x+0.2222 0.5427 0.0750 0.5321 0.074 1

DS I21,828) y=8.927x-0.0193 0.5302 0.0755 0.5270 0.0745

RT SAVIg1.832) y=2.3206x—1.0004 0.5705 0.073 6 0.600 4 0.072 1
NDS I (321,832 y=2.081x—0.0019 0.5219 0.0744 0.5144 0.076 8

DS (672,654 y=2.5045x-0.0273 0.526 5 0.074 6 0.530 1 0.0755

LF SAVIes1,682) y=1.0006x+0.0293 0.5972 0.0714 0.6107 0.0711
NDS I651,682) y=2.44x-0.0134 0.5817 0.0729 0.607 4 0.070 4

DS 1(324,538) y=0.2169x-0.0013 0.601 3 0.0709 0.6128 0.069 5

FD SAVI(24,538) y=1.1355x-0.0121 0.6116 0.0699 0.660 1 0.067 8
NDS I825742) y=1.1546x+1.0213 0.5957 0.0715 0.614 8 0.069 4
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Tab. 6 LNC estimation model of spectral index in natural rainfall area
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DS I 438,854 y=8.1265x—0.4329 0.5525 0.0727 0.6112 0.069 7

OD S AV (395 358) y=7.8167x-0.8079 0.6629 0.067 6 0.6432 0.068 3
NDS 302,887 y=4.3781x-0.9200 0.5533 0.0726 0.5343 0.0717

DS I (434,428 y=47.927x-2.0837 0.5272 0.0735 0.507 1 0.074 2

RT SAVIg37,392) y=5.4514x—1.0698 0.6173 0.069 6 0.529 1 0.0732
NDS I (387,392 y=4.6859x-0.9252 0.6186 0.069 4 0.528 8 0.0733

DS I392,887) y=13.662x—1.3223 0.526 5 0.0736 0.5854 0.070 1

LF S AVI(854,392) y=10.838x—0.8564 0.616 1 0.069 4 0.674 6 0.066 5
NDS (854392 y=8.3808x—0.6766 0.601 6 0.0709 0.663 6 0.067 4

DS 1950,760) y=0.2349x—0.0109 0.507 1 0.0742 0.5270 0.073 1

FD S AV1950,760) y=1.6481x—0.0768 0.5154 0.0739 0.5311 0.0728
NDS I(s34616) 1=75.989x+1.0201 0.499 4 0.0758 0.5039 0.0753
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Fig. 5 Correlation between predicted and measured values of LNC in
artificial irrigation area and natural rainfall area
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Fig. 6 Inversion and estimation of leaf LNC in artificial
irrigation area and natural rainfall area
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