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Canopy spectral features and fruit amount estimation of apple tree at fruit stage

based on hyperspectral data

LEI Tong', ZHAO Gengxing"* , ZHU Xicun', DONG Chao', MENG Yan', ZHAN Bing’
1 College of Resources and Environment, Shandong Agricultural University, Taian 271018, China
2 Qixia Bureau of Land and Resources, Qixia 265300, China

Abstract: Canopy spectral characteristics of apple tree are the basis for apple physiological monitoring with remote sensing
and production management. This study carried out the measurement of apple tree canopy spectral reflectance at apple fruit
stage in Qixia City. The reflective spectral features and sensitive wavebands of apple tree canopy at fruit stage were initially
explored and regression models between sensitive bands and the ratio of fruit/tree were established with digital photography
techniques. The non-destructive estimation of fruit amount (fruit/tree ratio) was realized. The results showed that the
spectral features of apple tree canopy at fruit stage mainly presented as absorption of blue light and red light, reflection of
green light, and the strong reflection of near-infrared between 750nm to 1300nm, with two reflection peaks near 1650nm
and 2200nm. The sensitive bands to fruit amount were 435nm, 670nm, 730nm, 940nm, 1140nm and 1480nm. Vegetation
indices of difference, ratio and normalized difference were built respectively with the sensitive bands, and the best spectral
parameters were selected. Estimation models of fruit amount ( fruit/tree ratio) were established accordingly and the best
model was evaluated and validated as y = 0. 0086 [ NDVI (940,730) 1> — 1. 0934NDVI (940,730) + 0. 3209. This
model is expected to provide a relatively fast and accurate estimation method for canopy fruit amount at apple tree fruit

stage.
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Fig.1 The geographical location of Qixia City and distribution
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2 BEBSEEHNER
Fig.2 Images after supervised classification

*1 REBEFREESXERSGITRE
Table 1 The statistical results of supervised classification

RS b 2] RRE b %20) RS E ) RS b 2]

Fruit code Apple/tree Fruit code Apple/tree Fruit code Apple/tree Fruit code Apple/tree
GO1-2 0.074 G04-1 0.132 G06-4 0.117 G07-9 0.145
GO01-3 0.111 G04-2 0.110 G06-5 0. 066 G08-1 0.113
G02-1 0.053 G04-3 0.049 G06-6 0.038 G08-2 0.086
G02-2 0.052 G04-4 0.089 G06-7 0.075 G08-3 0.113
G02-4 0.116 G04-5 0.091 G06-8 0.085 G08-5 0.172
G02-5 0.098 G04-6 0.121 G06-9 0.088 G08-6 0.138
G03-1 0.111 G04-7 0.118 G06-11 0.077 G08-7 0.128
G03-2 0.070 G04-8 0.128 G06-12 0.049 G08-8 0.188
G03-3 0.068 G04-9 0.076 G06-13 0.055 G08-9 0.205
G03-4 0.109 G04-10 0.071 G06-14 0.029 G08-10 0.167
G03-5 0.067 G05-1 0. 080 G07-2 0.049 G08-11 0.195
G03-6 0.045 G05-2 0.121 G07-3 0.078 G08-12 0.249
G03-7 0.021 G06-1 0.129 G07-4 0.056 G08-13 0.155
G03-9 0.075 G06-2 0.116 G07-5 0. 060 G08-15 0.125
G03-10 0.002 G06-3 0.137 G07-6 0.104 G08-16 0.097

GO1-1 AR — MR REE—MEARAM 5 n =60
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Fig.3 The reflective spectral curves of apple tree canopy with
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Fig.5 The correlation curve of apple/tree ratio with reflectance
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Table 2 Correlation coefficients between hyperspectral parameters and ratio of flower/tree

Kk S5 HilS 5
Spectral r Spectral
parameter parameter
DVI(940,435) -0.2569 * DVI(1140,435)
RVI(940,435) -0.5963 ** RVI(1140,435)
NDVI(940,435) -0.6042 ** NDVI(1140,435)
DVI(940,670) -0.2874* DVI(1140,670)
RVI(940,670) -0.6032 ** RVI(1140,670)
NDVI(940,670) -0.4982 ** NDVI(1140,670)
DVI(940,730) -0.6105** DVI(1140,730)
RVI(940,730) -0.8699 ** RVI(1140,730)
NDVI(940,730) -0.8723** NDVI(1140,730)

S
r Spectral r
parameter
-0. 2469 DVI(1480,435) -0.3375**
-0.5997 ** RVI(1480,435) -0.5239**
-0.6094 ** NDVI(1480,435) -0.6324**
-0.2806 * DVI(1480,670) -0.4240**
-0.6119 ** RVI(1480,670) -0.6942 **
-0.5209 ** NDVI(1480,670) -0.7380**
-0.5705** DVI(1480,730) -0.4369 **
-0.7615** RVI(1480,730) -0.3975**
-0.7732** NDVI(1480,730) —-0.4574**

* % F/RTE0.01 /K B B3 + FIRTE0.05 KF FBE; n=60

ASE SRR 5 SR EU AR R PR B BB B B RV
(940,730) .NDVI(940,730) RVI(1140,730) .NDVI
(1140,730) >y H 28, AR EL O R AR B AT [8] )3 2
BT, 2R S A R IR S TR R EL S b
AETREL JFARYE R B R N AL RIE S B S
SR BGOSR AR B O 2 B O A A 2R . 5% 3 R
LA NDVI(940,730) S Bl #2572 9 5 Fir (8] A A6 BY K% HoAS:
WEER . GERERM 4 DR FHES BT R RM
P Sz i IR R IIR B T 99% [tk B3 7K F, #6E
AT BTSSR LL AR R BRI 4 Ak
AESBH ST A A WUAS TR D YK R B0A5E 700 0 e 50 7Y
HffE. 6 g4 NI FHES S R HL A BUR
KA B B AR A

&3 NDVI(940,730) 53 R R AL B TR
Table 3 The regression models of NDVI (940,730) with apple/tree

ratio
RIS
S H(2) I ,
Spectral . . R
Regression equation
parameter(x)
NDVI(940,730) y = —-1.0902 x + 0.3206 0. 7590 **
= -0.1957Ln(x) - 0.2169 0. 7496 **
y = 0.0086 x> — 1.0934 x + .
5 1
0. 3209 0.759
y = 0.0023x 238 0.4582**
y = 1.1832¢ 139830, 7590 ** 0.5129 **

* % FNAE0.01 JKFE L 3E; n=48

D5 [ AR A TSR, A 12 SRR AS B ST R 5 R EL SR , 3o S A R AR B
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Fig.6 The relationship between the four spectral parameters and the ratio of apple/tree
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Table 4 The fit evaluation indicators of the measured values (X) and predicted values (Y) of the ratio apple/tree

M3 2 A

;ﬁl:tiﬁﬁarameter Fittj;illxigl:l eﬁxﬁion 3 RMSE RE(%)
RVI(940,730) y = 1.0070x + 0.0055 0. 7949 ** 0.0146 4. 66
NDVI(940,730) y = 1.0013x + 0.0058 0.7955** 0.0145 4.58
RVI(1140,730) y = 0.8796x + 0.0204 0.6924 ** 0.0185 9. 60
NDVI(1140,730) y = 0.8529x + 0.0226 0.6897 ** 0.0184 9.79
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