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Estimation of kiwifruit leaf nitrogen balance index based on hyperspectral
and successive projections algorithm

SONG Ziyi, CHANG Qingrui, ZHENG Zhikang, TANG Guoqgiang, MENG Yifan
( College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China)

Abstract: By investigating the relationship between kiwifruit leaf nitrogen balance index (NBI) and hyperspectral
reflectance , this study established a suitable remote sensing estimation model to provide a theoretical foundation for guiding
precise nitrogen management and growth monitoring of kiwifruit in the Xianyang region. Taking Xuxiang kiwifruit in Yan-

gling of Xianyang City, Shaanxi province as the main research object, the hyperspectral reflectance and leaf nitrogen bal-

ance index were measured. Through the first derivative,

%5 B #8:2023-08-31

ES TR {5 H AT R % B9 H (2013AA102401) second derivative, continuum removal and standard normal
TEERI RTAE(2000-) , 4, BEPTHIMON , Wi, 303 M - vt distribution spectral transformation, the relationship be-
V525 5 B ARWIFE . (E-mail) 2364708195@ qq.com tween five different spectra including the original spectrum

BIRAESE . % JKHG, (E-mail ) changqr@ nwsuaf.edu.cn and leaf nitrogen balance index was analyzed. Further-
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more, through the successive projections algorithm, the redundant information was eliminated and the characteristic wave-
lengths were screened out. Based on the characteristic wavelengths of different spectra, single factor regression model, ran-
dom forest regression (RF) model, support vector regression (SVR) model and partial least square regression ( PLSR)
model were used for modeling, and the model accuracy was compared. The results showed that when the NBI value was dif-
ferent, the change trend of the related indices of kiwifruit leaves was similar. The reflectivity of the visible light band
showed a downward trend with the increase of the NBI value, while the change trend of the reflectivity of the near-infrared
band was opposite, showing an upward trend with the increase of the NBI value. Partial spectral transformation increased
the number of bands passing the 0. 01 level significance test and improved the correlation with NBI values. The number of
sensitive bands of continuum removal spectra increased by 190, and the maximum absolute value of the first derivative spec-
tral correlation coefficient was 0. 77. The successive projections algorithm could minimize the redundancy of data, and the
highest dimensionality reduction ratio was as high as 99%. It greatly improved the computational efficiency and the accuracy
of the model. Compared with the single-factor regression model, the multi-factor machine learning model had a higher abili-
ty to estimate the kiwifruit nitrogen balance index. SNV-SVR performed best, with a coefficient of determination ( R*) of

0. 82 and a relative percentage difference (RPD) of 2. 34. In the future estimation of kiwifruit nitrogen balance index, the

model constructed in this study can be given priority.
Key words

algorithm; support vector regression
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Table 1 Statistical characteristics of nitrogen balance index of kiwifruit leaves

FEA FEAKL(A) /N NBI K NBI fH -3 NBI {H PRifE2E A5 RE(%)
AR 60 6.99 55.14 26.48 10.93 41.28
S 20 6.74 50.59 29.10 12.42 42.68
J R R4 80 6.74 55.14 27.13 11.31 41.69
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Fig.2 Primary spectral reflectance of kiwifruit leaves with var-

ied nitrogen balance index values

2.2 BEREGLEHRESBRREHM B NBI {EiE 848
KD
Wk 3 Pros, Bk it A B9 NBI{E 5 4% 26 A



1264 H K&k 2% W]

2024 4 55 40 & E T W)

STk S S R T (A S M 3 5 T 0. 01 K- 1K
5, TEJRIRIE S5 R dh Ay 269 N BGE S T
0. 01 K F-IAH MG B0, 76 566 nm Kb BRAEBE I
[ NBI B 5 )03 S S % 0] A A ¢ R 2R -0. 63, 44
MHER R, £— B FHOLRE SR, A 441 4>
P BGE L T 0. 01 KA AHCHERE B8, 75 534 nm Ab
BRBERE T R () NBIE 5 % 135 S 59 25 (] (9 #H ¢ R %%
H-0. 77, A XHE & F . TE B OGS R,
A 255 NP BLE S T 0. 01 /KPR AH 6 PEAG 56
TE 534 nm A0 FRAE BRI B9 NBIE 565k 5 4T %
B] A AR G 2R 500h 0. 62, 46 X (8 i i . FE AR fE IE 745
ORGSR e 234 NI BGE S T 0,01 K
SRR AR SRR I, BRI I 0. 01 ZK A R4S 56
AU B A D U e B A T s /D (AR A i e NBI
1H 5 035 52 I 2 (8] (14 A 5¢ R E AR - 0. 83, 4%}
(ELTE FT AT 6T v d5e 8, X O 0% BN 744 nm, FE i

0.4
0.2
0

[P (e
|

-0.6

Lo R BREIE A Ko, A 459 Mk BGE T
0. 01 K-V BYAHCPER 35, 75 951 nm ZEFRAERE AT F
() NBL {H 5 S 1% 5 5 2 (8] 19 A0 OC & $hoime o, M
0. 66,

XF HU A ik g R B, Zead AR e A TR
IRIETELE R, — I FEOLIE S R ES S KRGS S
I 0. 01 AP A 56 1) Ik B 5o r s
Hi KA R B e XHE AL A Prde 7, Hrh—Fr &
O 5 NBI {E ] AH 3¢ 5 8500948 T B 30K i i
SL4E 2B 5 NBI L[] A9 4 ¢ R E6E 1 0. 01 7K
S AF S AG 56 1 SRR B BOM IR E 2 L MR TR
IO, B S AOGIE 5 Ar M E S 5 A6 G
0. 01 7K A S PEAR 56 19 9 BEE I8 A — 5 2 52 A
B H - SHOEIE S NBI R ] 56 2804 1 1Y
R KAEBRE IR SRR T 0. 01,

-0. 1 1
§00 500 600

—FDS; ---0.01kF

T T 1

LB

S
T T T

THR REL

|
<o
S 00 N
T

_ I I I I I )
‘400 500 600 700 800 900 1000

WA (nm)

1 1 1 ]
700 800 900 1000
WA (nm)

1.0
0.8
0.6
04t WU AM DN
02
0

-04

-0.6

-0.8

_1.0 1 1 1 1 1 J

—SDS; ---0.017kF

0.8
0.6
0.4
0.2
0
-0.2
-0.4
-0.6

—CRS; ---0.017KF

THRREL

'8 1 1 1 1 1 J
400 500 600 700 800 900 1000

WA (nm)

PS: JRUEIGHE ; FDS : — B SEOLHE ; SDS: K FHOLHE SNV ARMEIEAS L3S ; CRS &SR L BROLHE
B3 AREEBEERSESH AT EHEREHEXE

Fig.3 Correlation between different types of spectral reflectance and leaf nitrogen balance index
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Table 3 Prediction accuracy of kiwi leaf nitrogen balance index value under different models based on successive projections algorithm ( SPA)
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