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Abstract: Rubber is a globally significant strategic raw material, playing an irreplaceable role in national defense,
transportation, aerospace and medical equipment industries. However, pests such as the rubber tree leaf mite frequently
occur in tropical rubber plantations, especially under conditions of high temperature and drought, where they are prone
to large-scale outbreaks. Infestations result in symptoms such as leaf chlorosis, yellowing and premature defoliation,
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which severely compromise tree vitality and substantially reduce latex yield. Traditional pest and disease monitoring
relies primarily on manual field surveys, which are time-consuming, labor-intensive, and limited in spatial scope. The
constraints make it increasingly difficult to meet the needs of modern rubber plantations for rapid early warning and
precise pest management. Remote sensing technology has demonstrated significant advantages in the monitoring of
agricultural pests and diseases. It enables large-scale, rapid, non-contact and dynamic monitoring across multiple tem-
poral scales. To address the limitations of conventional monitoring methods, such as low efficiency and inadequate ac-
curacy, this study proposes a multi-source remote sensing approach that integrates ground-based ASD (Analytical Spec-
tral Devices) hyperspectral data, proximal multispectral imagery, and field survey data to achieve rapid and accurate
detection of rubber tree mite infestations. The study was conducted based on spectral reflectance data of rubber leaves
collected in 2024 from the experimental station of Rubber Research Institute, Chinese Academy of Tropical Agricultural
Sciences in Danzhou, Hainan province, along with UAV-based multispectral imagery. The raw spectral data were pre-
processed using Multiplicative Scatter Correction (MSC), Savitzky-Golay (SG) smoothing and first-order derivative
transformation. Four types of spectral feature variables were derived, including vegetation indices (VIs), hyperspectral
features, continuum removal (CR) parameters and wavelet coefficients. Sensitive features were selected through a com-
bination of the Least Absolute Shrinkage and Selection Operator (LASSO) and Pearson correlation coefficient analysis.
Based on the selected features, three regression models, Multiple Linear Regression (MLR), Random Forest (RF) and
Back Propagation Neural Network (BPNN), were developed to model rubber tree mite infestations levels. Results indi-
cated that the ASD hyperspectral data yielded the best performance across all models, with the RF and BPNN models
performing particularly well. Among them, the RF model achieved the highest coefficient of determination (R?) of
0.8361 and the lowest root mean square error (RMSE) of 0.6353 on the validation dataset, demonstrating a strong ca-
pacity for accurate infestation severity prediction. In conclusion, the integration of ASD hyperspectral data with the RF
model enables the construction of a high-accuracy, strongly interpretable monitoring model for rubber tree mite infestations.
This approach effectively supports early detection and quantitative classification of infestation levels in rubber tree mite
infestations, and would provide essential technical guidance and theoretical support for precision plantation management
and integrated pest control.

Keywords: ASD; rubber tree mite infestations; Random Forest (RF); hyperspectral analysis; multi-source data
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Tab. 1 UAV platform and mission parameters

i H SRR

Project Parameter description
e g B 6 1~ 1/2.9" CMOS f&igkas (Hrh 5 4%
2L, | DA AR
Pl 1540 A, JPEG, £tk TIFF
PR 1600x1300 (4 :3.25)
AL RE ISO Ju  200~800
Z i B ALK 450 nm, AW TE 16 nm ) |

236 (560 nm, 16 nm ) . £L5% ( 650 nm,
16 nm) . £ (730 nm, 16 nm ) FliT
2140 (840 nm, 16 nm )




5514

SRR BT 2R SRR AR RO i T A W DA T 249

123 RARARAE WA PR, 7EEAR SR
I [F) 25 JR S i 35 08 A o SR BRA T bR 7
P X RGEATBE 32 NFRUERER , BN R (R 15
O MARTURGIE 4 A Jrm, 25 AN e RAE R,
PRzs [ o3 A $45] o A v N 0 SEAR I ARG il 3 4
%%, IH B RET-HL GPS FRBURAE M 245 B LR
WERE NIRRT . AEIILIRTS 160 NARCREE,, 5L
PLEEAL S b B 1 e 28 — BOhE . AR RS SRR A
it SR BT R I AR AR, I B ThRic4e
WORFE, mEGRPify . A5 il 3 R AR (Faly
YEY 9 dLE W AR FIRE ) (NY/T 4301—2023 )
W5k 5 AN (R 2) , WE 2 R, NAE
B 0, 1, 3, 5, 7%, FHEBURREIZ0T
F G F 5 S UG R B B I 25 A6 E

1:1000

B1 MhAERE
Fig. 1 Leaf sampling
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Tab. 2  Criteria for classification of rubber tree mite
infestation severity levels
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Fig. 2 Grading of rubber tree mite infestation severity
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Tab. 3  Vegetation index formulas used in this study

iR el LR E Y AKX 275 Wk
Index category Vegetation index Calculation formula Reference
MR GRML R E 5% (NPCD) NPCI=R-B [24]
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LR LR RIEHL (Clgreen ) Clgreen=(Rgoo/Rs60)~1 [25]
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BIEIH—{k 2518 705 #5480 ((mND705) mND705=(R756~R705)/(R7s0+R705~2Russ) [25]
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Pk - SR AF B 4R EL ( OSAVI) OSAVI=1.16(NIR-R)/(NIR+R+0.16) [21]
LI A R B (SAVI) SAVI=1.5[(NIR-R)/(NIR+R+0.5)] [21]
i SAVI ( MSAVI ) MSAVI=0.5x {(2NIR+1)-[(2NIR+1)2-8(NIR-R)]0.5} [21]
EIE SAVI2 ( MSAVI2 ) MSAVI2=0.5x {(2NIR+1)~[(2NIR+1)2-8(NIR-R)]0.5} [21]
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RAPRSCIEST DGR (r) r=R/(R+G+B) [24]
AESCE 506 B ( Second Moment_Green) 5 BRI — S [26]
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WL AN — B4 ( Second Moment NIR ) LT AN BRI BT [26]
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HE B2 LKARE IH— Ak %15 22 5+ 4840 (NGBDI) NGBDI=(G-B)/(G+B) [24]
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RBHHHEEC (NRIL) NRI=(Rs60~Re70)/(Rss0Re70) [25]
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Note: Russ, Raso, Rss0, Rsso, Rssa, Rsso, Rseo, Res7, Re70, Resos R700, R70s, R710, R720, R721, R7as, R7s0, Ra90, Rsoo and Rgyg indicates the reflectance
at wavelengths of 445, 450, 530, 550, 554, 559, 560, 667, 670, 680, 700, 705, 710, 720, 721, 746, 750, 790, 800 and 810 nm, respectively.
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Tab. 4 Hyperspectral feature parameters and extraction methods
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Tab. 5 LASSO screening results of three types of variables
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Tab. 6 Analysis of performance of a BPNN-based model
for monitoring rubber tree mite infestation

B ML Modeling set K IIE4E Validation set
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Fig. 3 Validation performance of the BPNN-based rubber tree mite infestation monitoring model using multispectral imagery
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Fig. 4 Validation performance of the BPNN-based rubber tree mite infestation monitoring model using digital imagery
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Fig. 5 Validation performance of the BPNN-based rubber tree mite infestation monitoring model using ASD spectra
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Tab. 7 Performance analysis of a random forest-based
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Validation performance of the RF-based rubber tree mite infestation monitoring model using multispectral imagery
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Fig. 7 Validation performance of the RF-based rubber tree mite infestation monitoring model using digital imagery
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Fig. 8 Validation performance of the RF-based rubber tree mite infestation monitoring model using ASD spectra
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Tab. 8 Performance analysis of multiple linear regres-
sion-based monitoring model for rubber tree mite infestation
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Fig. 9 Validation performance of the MLR-based
rubber tree mite infestation monitoring model
using multispectral imagery
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Fig. 10 Validation performance of the MLR-based rubber
tree mite infestation monitoring model using digital imagery
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