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Analysis of Response of Maize Canopy 3D Structure Phenotypes
to Drought Stress Based on UAYV Point Clouds
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Abstract ; Aiming to investigate the dynamic changes in the three-dimensional structure of maize canopies
under different water stress gradients, evaluate the ability of canopy structural parameters to distinguish
drought stress, and analyze differences in canopy structure maintenance among different maize varieties,
using 97 maize varieties as study subjects, three water stress gradients were established: normal irrigation
(CK), mild drought (D1), and severe drought (D2). RGB imagery captured by an unmanned aerial
vehicle (UAV) was used to reconstruct three-dimensional point clouds of the canopy, and 13 canopy
structural parameters were extracted, covering canopy height characteristics, spatial coverage
characteristics, and surface structural complexity. A random forest algorithm was employed to classify the
three water treatments, and K-means clustering was used to categorize varieties based on canopy structure
maintenance. The overall accuracy of the random forest classification was 72. 5% , with the cumulative
importance of canopy height features reaching 0. 481. The 95th percentile height (0. 153) and average
canopy height (0. 114) were identified as key parameters for distinguishing between water gradients.
GLCM contrast was the most sensitive to drought stress response, with CK —D2 differences ranging from
65% to 89% . Variety clustering classified varieties into five categories. Three-dimensional canopy

structure parameters can effectively distinguish different moisture gradients; canopy height was the
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dominant indicator for drought monitoring, while textural features can provide important supplementary

information. The research result can provide technical methods and theoretical basis for monitoring

drought stress in maize and screening canopy structure.

Key words: maize; 3D point cloud; canopy structure parameters; random forest; drought stress
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Fig.6 Canopy parameters among varieties under different water management conditions
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Fig.9 Analysis of corn varieties based on drought response
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