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Estimation for Nitrogen Content of Macadamia Leaves Based on
Optimized Spectral Sensitive Variables

CHEN Guiliang, LI Xiaoqing, XU Muguo, LIU Zhongmei, GENG Shunjun, YANG Liping"

Yunnan Institute of Tropical Crops, Jinghong, Yunnan 666100, China

Abstract: Hyper-spectral remote sensing technology was used to explore the estimation method of nitrogen content in
the leaves of macadamia to achieve a rapid diagnosis of nitrogen nutrition in macadamia trees. Lincang and Xishuang-
banna were chosen as the research area to obtain the spectral reflectance and nitrogen content of the leaves of macada-
mia varieties O.C and HAES344. Firstly, multiple mathematical transformations were performed on the original spectral
reflectance using logarithmic transformation, derivative transformation, and their combinations. Then, the correlation
between nitrogen content of macadamia leaves and spectral data of different transformation forms was analyzed. Under
the principle of larger determination coefficient, the wavelength corresponding to the peak characteristic point in the
determination coefficient curve was selected as the nitrogen sensitive wavelength, thus the corresponding spectral vari-
ables of nitrogen sensitivity were obtained. Stepwise regression was used to further optimize the nitrogen sensitive
spectral variables, and the methods of multiple linear regression (MLR), partial least squares regression (PLSR), and
support vector regression (SVR) were used to construct the nitrogen content estimation models for macadamia leaves.
Finally, the performance of the models was tested using validation and test sets, respectively. The results showed that the
MLR, PLSR and SVR models all performed well in estimation, and the ratio of performance to standard deviate (RPD)
of both the validation and test sets were above 2.0. Among them, the PLSR was the optimal estimation model, its RPD
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of the validation set and the test set was 2.099 and 2.110, respectively. The 19 nitrogen sensitive spectral variables se-
lected from 6 types of transformation spectral data, including reflectance (R), logarithmic transformation of reflectance
(LR), first derivative of reflectance (FDR), first derivative of logarithmic transformation of reflectance (FDLR), second
derivative of reflectance (SDR), and second derivative of logarithmic transformation of reflectance (SDLR) had strong
stability in nitrogen spectral response. Based on the selected 19 nitrogen sensitive spectral variables, the conventional
regression modeling methods could achieve good estimation results and had strong regional universality. In this study,
nitrogen sensitive spectral variables were selected from a variety of transform spectral data, which provided a new idea

for the nitrogen content estimation of macadamia leaves.
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Different fertihzatlon treatments in different growth stages of macadamia g/tk
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AbFE Treatment  SJ5E Fertilizer after picking fruit

PRIRAE Fertilizer for protecting fruit

HRAT Fertilizer for swelling fruit

NoPoKo N=0, P=0, K=0 N=0, P=0, K=0 N=0, P=0, K=0
NoPiK N=0, P=600, K=374 N=0, P=300, K=280 N=0, P=300, K=280
NP, N=308, P=600, K=374 N=231, P=300, K=280 N=231, P=300, K=280
NP K, N=616, P=600, K=374 N=462, P=300, K=280 N=462, P=300, K=280
NaPoK, N=616, P=0, K=374 N=462, P=0, K=280 N=462, P=0, K=280
NaPiK, N=616, P=600, K=0 N=462, P=300, K=0 N=462, P=300, K=0
NPK, N=924, P=600, K=374 N=693, P=300, K=280 N=693, P=300, K=280
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Tab. 2 General situation of macadamia leaf samples
PRAER SRR el MR X M AR (HCED) SEREAFEY
Sampling date Sampling orchard Research area Leaf variety (number) Planting year
2020-03-16 A PARTEDIRLART ST BT S BRI 3 PE XL 0.C (40) 1998
2020-03-17  Z= R SR B A AREE AT R 2 ) B G L1 1R SR PE XL 0.C (28) 2012
2020-03-18 St BIFHBIF LAY P XL 0.C (27) 2006
2020-03-19 A PARVERRHARTIE BTN BRI I A PE XL 0.C (24) 2012
2021-01-19 WGV T BT B B B4/ N SR VLI ) R SRl Il 78 0.C (21) ; HAES344 (21) 1998
2021-02-20 = LR EFACARAE HA PR W) R 1L R R S PE U 0.C (14) ; HAES344 (14) 2012
2021-05-13 5@ THOBUL ELBh Bl /N PRV ) I R S b I 76 0.C (21) ; HAES344 (21) 1998
2021-09-10 GBI BB B4 /N B IVTIE ) R SR I 76 0.C (21) ; HAES344 (21) 1998
2022-04-26 VTR BB B4 /N BT R SR I 76 0.C (21) ; HAES344 (21) 1998
2022-07-13 WGV TR S BhBh 4R/ N BRIV TIE ) R SR I 76 0.C (14) ; HAES344 (14) 1998
2022-09-14 WG TISULE B B) /N BT R R IL ih I v 0.C (14) ; HAES344 (14) 1998
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Tab. 3  Descriptive statistics of nitrogen content in macadamia leaf samples for model calibration, validation, and testing

glkg
R AR HEAEL F/ME S ONIEL T {E PR R ()
Sample set type Sample size Minimum Maximum Mean Standard deviation Leaf variety (number)
BIEAR 197 10.25 22.45 15.56 2.30 HAES344 (97) ; 0.C (100)
EdE 49 10.48 21.50 15.34 2.06 HAES344 (24) ; O.C (25)
ke 119 11.18 21.46 16.50 2.15 0.C (119)
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Fig. 1 Correlation coefficients between nitrogen content in macadamia leaves and spectral
reflectance and its transformed form data (n=197)
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Fig. 2 Determination coefficients of nitrogen content and spectral reflectance in macadamia
leaves and its transformed form data (n=197)

Lkﬂiﬂwﬁ&W$ﬁL 6 L ALk EE

AR BN 12 594 MR 619 4, 4R
95%, Hr, R, LR, FDR., FDLR. SDR. SDLR
PRI 21 ) 28 FR U A B0 R 33 .37.138.,
145, 139, 127,

ME 3 ATLLE ], RS LR, FDR 5 FDLR,
DL K SDR 5 SDLR AYRBUB I o A AR — 2, iX
&K h RY5 LR,FDR 5 FDLR, ) & SDR 5 SDLR
FEAR R AL BB A O . BARTE LR AR

PRI R, B2 ﬁ%?%ﬁﬁﬁﬁ%m
W%m%%m%ﬁk (EN RS ]
AFTERE R A e e M )

I BRI LM 52, SR B AP [ X 619
MREREOGE L EiE— P, U6w4ﬁ?
HUBOLTE AR o AR, MR AR S PRI
¥ 619 ™A ?@@%m %Ewﬁﬁ%aiﬁﬁ
B AT o B4 A AR P2 W G R 3k
4 P, XYY BT Rk B I 2 KT 0Bk R AR AR
RIMP AR A 19 4o i i B R rp AR L 2R 12 W

SDLR . ame o
=]
2
g SDR ] L] OONE) GEDED D CCOERNNIGINENIEN 00
%
§ FDLR . eme -—
E
8 FDR o * an wmn esas avesomm
&
ﬁé IR jemes o . eee o o e0ce o oum
3
R

R jouD o0 L] L] o0 o L] o @ee 00 am

S LSS ’»@Q q,'\'@ W@Q
K Wavelength/nm
B3 FAETHEXNEHEM BRI FREHEFEK

Fig. 3 Sensitive wavelengths of macadamia leaf nitrogen
in different transformed form spectra

KB, AR KN TN 10, SRR
WA 2 AL MED R A R AL
(19 ML AR BUEOLIE 70 & . LR474,
FDR1072 . FDR1414 . FDRI1631 ., FDRIS37 .



5510 1 WiAE R A5 T AlUa s i D0 e Y RN R i R S AR 2113
SDLR e e
FDR2063 . FDR2154 ., FDLR492 ., FDLR1672 .
FDLR2227. FDLR2389. FDLR2428. SDR587. g SDR | o « o o
SDR1595 . SDR1769 . SDR1780 . SDR1948 . E
SDLR2153. SDLR2328, Hif, AR Ak £ ) é FDLR - ¢ . o oo
JEIETE FDR, FDLR FISDR, A%k  § | L
FEIM AL LTSN BE 1072~2428 nm (8] 4), &
ﬁ LR [*
F4 BYOERAMELESHER ol
Tab. 4 Stepwise regression and collinear diagnosis results R RF
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" B4 fhi R R R K i
LR474 -2.953  0.004 0.260 3.842 IR R R SRR
FDR1072 ~ -4.433 1.626E-05  0.585 1709 Fig. 4 Optimized sensitive wavelengths of macadamia leaf
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Tab. 5 Estimation performance of nitrogen content estimation models for macadamia leaves
. L (n=197) F4E (n=49) MWikdE (n=119)
Ef%ﬁ(f Calibration set (N=197) Validation set (n=49) Test set (n=119)
Modeling method R RMSE RPD R RMSE RPD R RMSE RPD
MLR 0.858 0.852 2.702 0.800 1.023 2.010 0.796 1.030 2.087
PLSR 0.841 0.917 2.511 0.813 0.979 2.099 0.806 1.018 2.110
SVR 0.852 0.885 2.602 0.809 0.948 2.168 0.814 1.052 2.042

N T HE— A BUEAS I 5 b A £ 3 1
R A AL TE F ORI 5 H LAY 42 BE PLSR 6%
RIPEATYEREFI G G VEXT L (35 6 )0 MERTESERIAG
WRIARE, ETaBEBRAEERN R (R)H

#1%) PLSR BERIRCER AT o H IS i £ 5 45
Bk E, AR MR R R RKILT 6
Pl A5 3563 i 4 BE PLSR %Y, H. RPD
2.110, T4 B PLSR HiAIK) RPD il h
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Tab. 6 Comparison between the optimal model constructed in this study and the full band PLSR models
R SRS A B H#FAE (n=197) HIUESE (n=49) Wit (n=119)
Modeling Spectral Variable Calibration set (n=197) Validation set (n=49) Test set (n=119)
method transformation number R RMSE RPD R RMSE RPD R RMSE RPD
PLSR LR/FDR/FDLR/ 19 0.841 0.917 2.511 0.813 0.979 2.099 0.806 1.018 2.110
SDR/SDLR
PLSR R 2101 0.853 0.867 2.655 0.883 0.727 2.826 0.721 2.172 0.989
PLSR LR 2101 0.833 0.925 2.487 0.815 0.884 2.325 0.723 2.055 1.046
PLSR FDR 2099 0.758 1.129 2.039 0.729 1.151 1.785 0.624 1.891 1.136
PLSR FDLR 2099 0.749 1.151 2.000 0.678 1.246 1.650 0.502 2.455 0.875
PLSR SDR 2097 0.644 1.370 1.681 0.411 1.684 1.221 0.104 2.204 0.975
PLSR SDLR 2097 0.343 1.860 1.237 0.383 1.619 1.270 0.326 2.162 0.994

1136, 452RERW, 12065 UL ) X 338 1 4
LT 2B PLSR B48Y, dl-&4E) N

3 itig

ARG 1 SR AT RO i . A0 6 S A8 46
A X IR IR R I T 2B, SRS
BT T IR R R AR Y S 2RO IE
PEROAEPE . 4548, R, LR, FDR, FDLR,
SDR. SDLR 550t B & K & & 0 55 i A
X B E 9 -0.507.,0.515,-0.540,—0.584 . 0.618
5.0.631, Zr5IHEEAE 528, 527, 2154, 2070,
532, 522 nm Ab. XERM, GXPRCEE. SHE
e R A A S, SIS EIE S A RS2
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SRR BAR T RO R W, 538K 0P
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B —EES, X TR REY A2 57 BT
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