LINKING REFLECTANCE SIGNATURES TO NUTRIENT DEFICIENCY IN DRAGON FRUIT USING SPECTRAL
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Abstract

Rapid and non-destructive assessment of plant nutritional status 1s critical for precision agriculture, yet most hyperspectral studies focus narrowly on nitrogen (N) detection and limited wavelength ranges. This study presents a
Nutrient Deficiency Scoring (NDS) framework that integrates eleven macro- and micronutrient concentrations. Nitrogen (N), calcium (Ca), potassium (K), magnesium (Mg), phosphorus (P), sulfur (S), boron (B), iron (Fe),
manganese (Mn), zinc (Zn), and copper (Cu) into a single composite index and evaluates 1ts correlation with full-range hyperspectral reflectance (350—2500 nm) across three growing seasons. Macronutrients were standardized to
parts per million (ppm) via a x10,000 conversion factor, enabling comparison across all nutrients on a unified scale. A weighted, proximity-to-optimum NDS (range 0—100) was constructed with sign-inversion transformations to
align correlation directionality with spectral reflectance. The composite NDS achieved a maximum Pearson correlation of r = 0.794 (p < 0.001) at 816 nm within the near-infrared (NIR) plateau, with 1,905 wavelengths exhibiting r
> (.60. Individual deficiency indices revealed strong spectral sensitivity for N (r =—0.738, 811 nm), P (r =—0.712, 1,997 nm), S (r = —0.653, 817 nm), K (r =—0.607, 2,002 nm), Fe (r = —0.484, 769 nm), Mg (r = —0.461, 715 nm),
and Zn (r = —0.423, 996 nm). Boron, Mn, and Cu exhibited weaker spectral associations (|r| < 0.35). NDS increased significantly across seasons (2022: 28.3 + 19.9; 2024: 68.7 £ 9.1; 2025: 83.6 £ 8.5; ANOVA: F =91.03, p <
0.001), reflecting progressive intensification of nutrient stress. These findings demonstrate that NIR (700—1300 nm) and SWIR (1300-2500 nm) spectral regions provide complementary windows for estimating a broad panel of
plant nutrient deficiencies non-destructively, establishing a spectral basis for field-deployable multi-nutrient monitoring tools.
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