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Abstract: [ObjectiveINitrogen (N) content in pomelo leaves is an important index for accurate diagno-
sis and quantitative evaluation of growth status. Timely and accurate nitrogen diagnosis is an important
and key work in precise agriculture. Hyperspectral technology can directly and quantitatively analyze
weak spectral differences, which provides a good method for quantitatively analyzing the correlation be-
tween plant N contents and spectral parameters. Therefore, the hyperspectral estimation models of N
contents in the pomelo leaves were established to provide a basis for rapid, nondestructive and accurate
estimation of N content.[Methods]Based on the hyperspectral data of the pomelo leaves and the mea-
sured data of N contents, the study firstly analyzed the correlation between the N contents of the pome-
lo leaves and their original and first-order differential spectra, then analyzed the correlation between

spectral characteristic parameters, sensitive band vegetation indices and the nitrogen contents of the
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pomelo leaves, and found out the spectral parameters with good correlation, finally the partial least
squares regression model (PLS), BP neural network regression model (BPNN), random forest regres-
sion model (RF) and support vector machine regression model (SVM) of the pomelo leaves were estab-
lished, and the best estimation model of N contents in pomelo leaves was determined. [Results] There
were negative correlation between the original spectral reflectance of the pomelo leaves and the leaf ni-
trogen contents. The maximum negative correlation coefficients were (—0.683, 569 nm) and (—0.688,
704 nm), respectively; there were extremely significant negative correlations between nitrogen and first-
order spectral reflectance in the bands of 440-455 nm, 490-553 nm and 681-705 nm (p < 0.01), among
them the maximum negative correlation coefficient was (-0.72, 695 nm), followed by (=0.70, 541 nm);
in the bands of 586-627 nm, 633-671 nm and 731-758 nm, it reached extremely significant positive
correlation level (p < 0.01), among them the maximum positive correlation coefficient was (0.73, 617
nm), followed by (0.72, 753 nm). The sensitive wavelengths of the original spectral curves were 569
nm and 704 nm, and the sensitive wavelengths of the first-order differential curve were 541 nm, 617
nm, 695 nm and 753 nm. The sensitive wavelengths of 569 nm, 704 nm, 541 nm, 617 nm, 695 nm and
753 nm were selected to construct the spectral parameters, and the differential vegetation index
(DVIg, 52) , ratio vegetation index (RVIg; 1)) and normalized differential vegetation index (NDVIg;, 1)
were established. The correlation analysis between the hyperspectral location variables, hyperspectral
area variables and hyperspectral vegetation index variables and nitrogen contents of the pomelo leaves
showed that most variables had very significant correlation with nitrogen contents of the pomelo leaves.
Among the selected three side parameters, only the yellow side parameter D, (yellow side amplitude)
and A, (yellow edge position) did not reach significant correlation, and the red edge parameters and blue
edge parameters reached significant correlation. It was found that the correlation coefficients of D, A,
R., SDy, R/R,, (R R)/(R,+R)), SD/SD,,(SD;- SDy)/(SD: + SDy), DVI’ si1755, DVI” 5753, DVI sa1617,
DVI 541,605, DVI 617,605, RVI 0575, NDVI 54175, NDVI’ 0555 €xceed 0.7, and they had a good ability to esti-
mate the contents of N in the leaves of pomelo, which had reached significant level. The variables with
good correlation (r > 0.73) (NDVI’ 5753, RVI’ 05753, DVI 617,605, DVI 541617, R 617) in the spectral parame-
ters were selected. The hyperspectral estimation models of nitrogen contents in the pomelo leaves were
established using PLS, BPNN, RF, SVM and other methods. The R* (determination coefficient), RMSE
(root mean square error) and RE (relative error) of the random forest method were 0.83, 0.97 and
3.01%, respectively, and the modeling accuracy was the highest. The R*, RMSE and RE of SVM meth-
od were 0.81, 1.02 and 3.04% respectively; the R’, RMSE and RE of BPNN method were 0.80, 1.08
and 3.05% respectively; the R*, RMSE and RE of PLS method were 0.75, 1.16 and 3.13% respectively.
The R* of the validation models of PLS, BPNN, RF and SVM were 0.79, 0.84, 0.85 and 0.82 respective-
ly, the RMSE were 1.11, 0.94, 0.87 and 0.99 respectively, and the RE were 3.08%, 2.99%, 2.85% and
3.03% respectively. The predicted and measured values fit well. Compared with PLS, BPNN and SVM,
the RF validation model had higher R*, lower RMSE and lower RE.[Conclusion]Through the compari-
son of the four hyperspectral estimation models for nitrogen content of the Guanxi honey pomelo
leaves, the accuracy of the random forest estimation model was higher than those of PLS, BPNN and
SVM. This study would provide a technical basis for monitoring the nitrogen content of the pomelo
leaves by spectral remote sensing.
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Table 1 The selected hyperspectral characteristic parameters and description

S RHIE S HR A At S AT K 4
JAHESHIE s A B
Type of spectral characteristic . S .
Name of spectral characteristic parameter Description of spectral characteristic parameter
parameter
Fe A AR W51 E{E Dy, Blue edge amplitude 490~530 nm N — P S EOG TS S O E

Spectral position variable
K ILIEME D,, Yellow edge amplitude

Z1i41EE D, Red edge amplitude
WL E L, Blue edge position
HEILALE ), Yellow edge position
LI B L, Red edge position

£ [ 5 % R,, Green peak reflectance

TR R, Red valley reflectance

ek A AL

Spectral area variable

£ SD,, Blue edge area
TN SD,, Yellow edge area
ZLI4TH A SD,, Red edge area

EEIE RS

Vegetation index variable

ZE(HAERAE S

DVI, Difference vegetation index

ELAE #E 9 52 RV, Ratio vegetation index

JH— LR B AL

Maximum value in the first derivative spectrum in 490-530 nm
560~640 nm P4 — i S EOLIE K O E

Maximum value in the first derivative spectrum in 560-640 nm
680~760 nm P4 — [ G HOL I R

Maximum value in the first derivative spectrum in 680-760 nm
D% R R AL

Wavelength position corresponding to D,

D% R R AL B

Wavelength position corresponding to Dy

D R KA B

Wavelength position corresponding to D,

510~560 nm Ot S 5T 2 ) 5 AR

Maximum spectral reflectance in 510-560 nm

650~690 nm Y1 S 2R ) e /IME

Minimum spectral reflectance in 650-690 nm

490~530 nm A — S AL {E AN
Sum of first derivative values in 490-530 nm

560~640 nm A — ¥ S A HIE S AN

Sum of first derivative values in 560-640 nm

680~760 nm N — [ AL HE B R

Sum of first derivative values in 680-760 nm

DVI(M, = Rou- R

RVI(AI,U): R/ Ry
NDVI(H . ).Z)Z(RM' sz)/(R’u"’ R).z)

NDVI, Normalized difference vegetation index

VII=R/R.
VI2=(R,~R)/(R:+R))
VI3=SD//SD,
VI4=(SD,~SD,)/(SD,+SDy)

R.5 R LLAH Ratio of R, to R,

R. 5 R.fJV1—1k {8 Normalized values of R, and R,
SD, 55 SD, ) EiAf Ratio of SD; to SD,

SD, 5 SD, 13 —1t 1 Normalized values of SD,and SD,
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Table 2 Correlation between spectral characteristic
parameters, sensitive band vegetation indices and N

contents of pomelo leaves

S HHHHE
BHER  MRRNr  BHAK HERNR

Name of spectral Correlation
characteristic pa- coefficient

Name of spectral Correlation
characteristic pa- coefficient

rameter rameter
D, —0.712%* DVIs0,704 0.676%*
D, 0.256 DVTI'si75 0.716**
D, —0.542%* DVT'6175: 0.422%*
Ao 0.499%* DVT 605753 0.725%*
Ay -0.194 DVTI'sii 617 0.735%*
0.714%* DVT 541,605 0.720%*
. —0.715%* DVT'61760 0.771%*
R. -0.535%* RV 560704 0.614%*
SD, —0.719%* RVI's41 753 0.500%*
SDy —0.549%** RVl'mmsz 0.449*
SD. 0.586%** RVIé0s752 0.759%%*
VIl =0.725%* RVI'si1 610 0.537%*
VI2 —0.728%* RVT's4605 0.063
VI3 0.729%* RVI617,695 0.584**
VI4 0.701** ND V60,704 0.613**
Riseo —0.683%* NDVT's4 753 0.704%**
R -0.688%* NDVI's17.55 0.694%**
R’54| ’0700*”< NDVI,595,753 0776**
Rsr 0.730%* NDVI'sii617 0.472%
Réos -0.720%* NDVT's4105 0.063
R’ 0.720%** ND V617,605 0.583%*

T R AR g3 ) 2 i S AN AR O
Note: * and ** in the table indicated significant and extremely signifi-

cant correlation respectively.
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Table 3 Estimation and validation of different regression models for N content in pomelo leaves
[ AR GFERRMSE  fHEAIRE  BIEMME  RIEBIIIRMSE  JRUERIZRE
Re rejs:s?(;)n model Estimation Estimation Estimation Validation Validation Validation
g model R® model RMSE model RE% model R model RMSE model RE/%
fii g/ 3 0.75 1.16 3.13 0.79 111 3.08
Partial least square method, PLS
BP #1229 2% 0.80 1.08 3.05 0.84 0.94 2.99
BP neural network, BPNN
BEATLARIE 0.83 0.97 3.01 0.85 0.87 2.85
Random forest, RF
SCRFIREAL 0.81 1.02 3.04 0.82 0.99 3.03
Support vector machine, SVM
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Fig. 3 Comparison of measured and predicted N values of pomelo leaves
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