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Early Identification and Diagnosis of Apple Leaf Brown Spot Disease Based on
Ultraviolet — Visible — Near-infrared Spectroscopy
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(1. College of Mechanical and Electronic Engineering, Shandong Agricultural University, Taian 271018, China
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Abstract: Brown spot disease is one of the fungal diseases affecting apple leaves, severely impacting the
healthy growth of apple trees and the quality of their fruit. An early detection and diagnosis method for
brown spot disease in apple leaves was presented by integrating ultraviolet — visible — near-infrared
spectroscopy with machine learning algorithms, demonstrating promising diagnostic performance. Firstly,
hyperspectral data of healthy, grade 1, and grade 3 diseased apple leaves were collected by using a
Hitachi UH4150 spectrophotometer ( wavelength 200 ~ 3 050 nm ). Then, the raw spectral data were
preprocessed using standard normal variate ( SNV ), Savitzky — Golay (SG), Z-score standardization
(ZS), multiplicative scatter correction ( MSC), and first derivative ( FD). Subsequently, principal
component analysis (PCA) and recursive feature elimination ( RFE) algorithms were employed to extract
feature wavelengths related to brown spot in the apple leaves. Finally, discriminant models based on the
random forest ( RF) algorithm and convolutional neural network (CNN) were established to evaluate the

capability of using feature wavelengths for early disease diagnosis. The results showed that the SG —RFE —
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RF model achieved classification accuracies of 96.03% on the modeling set and 94.34% on the

prediction set, demonstrating the best performance. The proposed method showed strong robustness and

generalization ability, indicating its potential for practical applications in orchard disease monitoring.

Compared with traditional inspection methods, this approach can provide a rapid, non-destructive, and

objective solution for early disease detection. The research result can offer valuable technical support for

the development of intelligent detection systems and precision agriculture practices for apple production.

Key words:; apple leaves; brown spot disease; ultraviolet — visible — near-infrared spectroscopy; machine

learning; early diagnosis
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Tab.3 Modeling results after feature extraction

using PCA
: R/ %
% kb 27 — —
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SG 93. 65 92.45
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Tab.4 Modeling results after feature extraction

using RFE
" WEH %/ %
L b By — —
A e
J5 i H A 91.27 88. 68
SG 96. 03 94. 34
78 92. 86 90. 57
RF
SNV 82.54 79.25
MSC 92. 06 90. 57
FD 91.27 88. 68
Ji s B4 90. 48 86. 79
SG 93. 65 90. 57
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MSC 91.27 88. 68
FD 90. 48 86.79
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