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Prediction of chlorophyll and nitrogen contents in maize leaves by fusing
single-channel attention and butterfly optimization algorithm
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Abstract: To meet the demand for rapid and non-destructive detection in precision agriculture for nutrient monitoring
of maize leaves, this study proposed a machine learning prediction method fusing image segmentation, feature optimization,
and parameter optimization. Using RGB images of field maize leaves collected by smartphones as the data source, the
Segment Anything Model (SAM) technique was adopted to achieve high-precision segmentation of leaf regions. Based on
the R (red), G (green), and B (blue) channels, 42
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kernel parameters and penalty coefficients of SVR. For chlorophyll content prediction, the R* of the BOA-AM-SVR model

was 0.860 7 and the mean absolute error (MAE) was 2.317 2. For nitrogen content prediction, the R* was 0.854 0 and the

MAE was 0.755 9. This study provides technical support for real-time diagnosis of field crop nutrition and precise fertilization.
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Fig.1 Image segmentation preprocessing
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Table 1 Color spaces and color features
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Fig.2 Data augmentation flowchart
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Table 2 Correlation between color features and chlorophyll content and nitrogen content

R 0.02 0.02 (G+B-R)/2B -0.46 -0.46
¢ -0.20 -0.20 (R-G-B)/(R+B) 0.43 0.43
B -0.10 -0.10 (R-G-B)/(R+G) 0.35 0.35
R-B 0.37 0.37 (R-G-B)/(G+B) 0.37 0.37
G-B -0.64 -0.64 (B-G-R)/(B+G) -0.10 -0.10
R-G 0.50 0.50 (B-G-R)/(G+R) 0.04 0.04
R/G 0.41 0.41 (26-R-B)/(2G+R+B) -0.48 -0.48
R/B 0.31 0.31 (G-B)/(G+B) -0.52 -0.52
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Table 3 Predictive performance of traditional models on the vali-
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Table 4 Predictive performance of SVR models with various opti-

dation set mization strategies on the validation set
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