Table S1. Spectral band information for the MicaSense RedEdge-MX Dual Camera Imaging System, and satellite Planetscope
	Planetscope
	MicaSense RedEdge-MX Dual

	Wavelength range (nm)
	Spectral region
	Wavelength range (nm)
	Spectral region

	431–452
	Coastal Blue
	430–458
	Blue

	465–515
	Blue
	459–491
	Blue

	513–549
	Green
	524–538
	Green

	547–583
	Green
	546–573
	Green

	600–620
	Yellow
	642–658
	Red

	661–675
	Red
	661–675
	Red

	697–713
	Red-Edge
	700–719
	Red Edge

	845–885
	NIR
	 711–723 
	Red Edge

	
	
	731–749 
	Red Edge

	
	
	814–870 
	NIR

	
	
	
	















Table S2. Vegetation indices calculated in this study
	Index
	Formula used in this study
	Reference

	NDVI
	(NIR − Red) / (NIR + Red)
	Rouse et al., 1974

	GNDVI
	(NIR − Green) / (NIR + Green)
	Gitelson et al., 1996

	SAVI
	((NIR − Red) / (NIR + Red + 0.5)) × 1.5
	Huete, 1988

	MSAVI
	(2·NIR + 1 − √((2·NIR + 1)² − 8·(NIR − Red))) / 2
	Qi et al., 1994




Rouse, J. W., Haas, R., & Schell, J. A. (1974). &Deering DW (1973). Monitoring vegetation systems in the Great Plains with ERTS. In Third ERTS Symposium, NASA.‏
Gitelson, A. A., Kaufman, Y. J., & Merzlyak, M. N. (1996). Use of a green channel in remote sensing of global vegetation from EOS-MODIS. Remote sensing of Environment, 58(3), 289-298.‏
Huete, A. R. (1988). A soil-adjusted vegetation index (SAVI). Remote sensing of environment, 25(3), 295-309.‏
Qi, J., Chehbouni, A., Huete, A.R., Kerr, Y.H., Sorooshian, S., 1994. A modified soil adjusted vegetation index. Rem. Sens. Environ. 48 (2), 119–126. https://doi.org/ 10.1016/0034-4257(94)90134-1..













Table S3. Texture measures used in this study, their abbreviations, and corresponding equations are based on the standard definitions of Haralick et al. (1973), as implemented in the glcm R package. 
 are the gray-level values of two neighboring pixels in the image;
is the number of occurrences of pixel pairs with values  and at a defined spatial relationship (distance and direction);
is the normalized gray-level co-occurrence matrix (GLCM), representing the joint probability of observing the pair .
	Abbreviation
	Formula

	GLCM definition
	

	Contrast
	

	Correlation
	

	Entropy
	

	Homogeneity
	

	Variance
	

	Mean
	

	Dissimilarity
	

	Second Moment
	






Table S4. Temporal linear model slopes of satellite-derived GLCM texture features and spectral indices across 0–21 DAS for control and treated plots in field experiments (2022): HPPD vs. control treatment.
	comparison
	band
	feature
	control_slope
	herb_slope
	control_p
	herb_p
	diff

	HPPD vs Control
	nir
	glcm_variance
	0.17
	0.11
	0.00
	0.00
	0.06

	HPPD vs Control
	nir
	glcm_mean
	0.16
	0.011
	0.00
	0.00
	0.04

	HPPD vs Control
	GNDVI
	glcm_variance
	0.05
	0.09
	0.30
	0.00
	0.04

	HPPD vs Control
	NDVI
	glcm_variance
	0.04
	0.07
	0.37
	0.01
	0.03

	HPPD vs Control
	SAVI
	glcm_variance
	0.03
	-0.002
	0.37
	0.01
	0.03

	HPPD vs Control
	red
	glcm_entropy
	-0.03
	-0.07
	0.32
	0.00
	0.04

	HPPD vs Control
	SAVI
	glcm_entropy
	-0.04
	-0.08
	0.06
	0.00
	0.04

	HPPD vs Control
	NDVI
	glcm_entropy
	-0.04
	-0.08
	0.06
	0.00
	0.04

	HPPD vs Control
	nir
	glcm_entropy
	0.03
	0.01
	0.05
	0.77
	0.03

	HPPD vs Control
	rededge
	glcm_second_moment
	0.05
	0.01
	0.04
	0.54
	0.03

	HPPD vs Control
	nir
	glcm_dissimilarity
	0.05
	0.02
	0.08
	0.36
	0.03

	HPPD vs Control
	coastal
	glcm_entropy
	0.02
	-0.01
	0.49
	0.83
	0.02

	HPPD vs Control
	yellow
	glcm_homogeneity
	0.03
	0.01
	0.18
	0.79
	0.02

	HPPD vs Control
	GNDVI
	glcm_entropy
	-0.01
	-0.03
	0.53
	0.13
	0.02

	HPPD vs Control
	rededge
	glcm_homogeneity
	0.05
	0.03
	0.06
	0.25
	0.02

	HPPD vs Control
	blue
	glcm_mean
	0.01
	0.00
	0.08
	0.64
	0.01

	HPPD vs Control
	yellow
	glcm_second_moment
	0.03
	0.02
	0.06
	0.36
	0.01

	HPPD vs Control
	rededge
	glcm_mean
	0.01
	0.00
	0.08
	0.94
	0.01

	HPPD vs Control
	yellow
	glcm_mean
	0.01
	-0.01
	0.32
	0.40
	0.01

	HPPD vs Control
	green
	glcm_mean
	0.01
	-0.01
	0.40
	0.35
	0.01

	HPPD vs Control
	coastal
	glcm_dissimilarity
	-0.03
	-0.04
	0.19
	0.07
	0.01

	HPPD vs Control
	red
	glcm_mean
	0.01
	0.00
	0.26
	0.64
	0.01

	HPPD vs Control
	nir
	glcm_contrast
	0.01
	0.00
	0.49
	0.77
	0.01

	HPPD vs Control
	MSAVI
	glcm_entropy
	-0.03
	-0.04
	0.21
	0.12
	0.01

	HPPD vs Control
	GNDVI
	glcm_dissimilarity
	-0.02
	-0.03
	0.11
	0.09
	0.01

	HPPD vs Control
	coastal
	glcm_mean
	-0.01
	-0.02
	0.43
	0.15
	0.01

	HPPD vs Control
	coastal
	glcm_variance
	-0.01
	-0.02
	0.11
	0.05
	0.01

	HPPD vs Control
	green
	glcm_second_moment
	0.03
	0.02
	0.11
	0.15
	0.00

	HPPD vs Control
	blue
	glcm_entropy
	-0.06
	-0.06
	0.03
	0.03
	0.00

	HPPD vs Control
	blue
	glcm_variance
	0.00
	0.00
	0.66
	0.41
	0.00

	HPPD vs Control
	rededge
	glcm_variance
	0.00
	0.00
	0.22
	0.69
	0.00

	HPPD vs Control
	green
	glcm_variance
	0.00
	0.00
	0.57
	0.49
	0.00

	HPPD vs Control
	coastal
	glcm_contrast
	-0.02
	-0.02
	0.16
	0.06
	0.00

	HPPD vs Control
	rededge
	spectral
	-0.02
	-0.02
	0.00
	0.00
	0.00

	HPPD vs Control
	NDVI
	glcm_dissimilarity
	-0.02
	-0.02
	0.35
	0.18
	0.00

	HPPD vs Control
	SAVI
	glcm_dissimilarity
	-0.02
	-0.02
	0.35
	0.18
	0.00

	HPPD vs Control
	yellow
	glcm_variance
	0.00
	0.00
	0.29
	0.76
	0.00

	HPPD vs Control
	red
	glcm_variance
	0.00
	0.00
	0.33
	0.70
	0.00

	HPPD vs Control
	red
	spectral
	-0.02
	-0.02
	0.00
	0.00
	0.00

	HPPD vs Control
	nir
	spectral
	0.02
	0.02
	0.00
	0.00
	0.00

	HPPD vs Control
	yellow
	spectral
	-0.02
	-0.02
	0.00
	0.00
	0.00

	HPPD vs Control
	blue
	glcm_dissimilarity
	-0.02
	-0.02
	0.09
	0.15
	0.00

	HPPD vs Control
	green
	spectral
	-0.01
	-0.02
	0.00
	0.00
	0.00

	HPPD vs Control
	blue
	spectral
	-0.01
	-0.01
	0.00
	0.00
	0.00

	HPPD vs Control
	green_i
	spectral
	-0.01
	-0.01
	0.00
	0.00
	0.00

	HPPD vs Control
	MSAVI
	glcm_second_moment
	0.01
	0.01
	0.40
	0.49
	0.00

	HPPD vs Control
	coastal_blue
	spectral
	-0.01
	-0.01
	0.00
	0.00
	0.00

	HPPD vs Control
	GNDVI
	glcm_contrast
	-0.02
	-0.02
	0.05
	0.20
	0.00

	HPPD vs Control
	blue
	glcm_contrast
	-0.01
	-0.01
	0.12
	0.30
	0.00

	HPPD vs Control
	green
	glcm_dissimilarity
	-0.01
	-0.01
	0.16
	0.28
	0.00

	HPPD vs Control
	MSAVI
	glcm_homogeneity
	0.03
	0.03
	0.27
	0.13
	0.00

	HPPD vs Control
	MSAVI
	glcm_dissimilarity
	-0.02
	-0.02
	0.19
	0.18
	0.00

	HPPD vs Control
	green
	glcm_contrast
	-0.01
	0.00
	0.17
	0.61
	0.00

	HPPD vs Control
	red
	glcm_dissimilarity
	-0.01
	-0.01
	0.34
	0.33
	0.00

	HPPD vs Control
	MSAVI
	glcm_contrast
	-0.01
	-0.01
	0.15
	0.31
	0.00

	HPPD vs Control
	GNDVI
	spectral
	0.07
	0.07
	0.00
	0.00
	0.00

	HPPD vs Control
	yellow
	glcm_contrast
	0.00
	0.00
	0.25
	0.92
	0.00

	HPPD vs Control
	rededge
	glcm_contrast
	-0.01
	0.00
	0.08
	0.34
	0.00

	HPPD vs Control
	red
	glcm_contrast
	-0.01
	0.00
	0.31
	0.85
	0.00

	HPPD vs Control
	NDVI
	glcm_contrast
	-0.01
	-0.01
	0.29
	0.44
	0.00

	HPPD vs Control
	SAVI
	glcm_contrast
	-0.01
	-0.01
	0.29
	0.44
	0.00

	HPPD vs Control
	green
	glcm_entropy
	-0.04
	-0.03
	0.07
	0.10
	-0.01

	HPPD vs Control
	blue
	glcm_second_moment
	0.03
	0.04
	0.08
	0.10
	-0.01

	HPPD vs Control
	NDVI
	spectral
	0.08
	0.09
	0.00
	0.00
	-0.01

	HPPD vs Control
	green
	glcm_homogeneity
	0.02
	0.03
	0.33
	0.20
	-0.01

	HPPD vs Control
	MSAVI
	spectral
	0.07
	0.08
	0.00
	0.00
	-0.01

	HPPD vs Control
	SAVI
	spectral
	0.13
	0.13
	0.00
	0.00
	-0.01

	HPPD vs Control
	rededge
	glcm_dissimilarity
	-0.02
	-0.01
	0.08
	0.35
	-0.01

	HPPD vs Control
	yellow
	glcm_dissimilarity
	-0.01
	0.00
	0.19
	0.82
	-0.01

	HPPD vs Control
	red
	glcm_homogeneity
	0.02
	0.03
	0.53
	0.12
	-0.01

	HPPD vs Control
	coastal
	glcm_second_moment
	-0.04
	-0.02
	0.14
	0.28
	-0.01

	HPPD vs Control
	blue
	glcm_homogeneity
	0.03
	0.04
	0.16
	0.09
	-0.01

	HPPD vs Control
	MSAVI
	glcm_mean
	0.02
	0.04
	0.08
	0.00
	-0.02

	HPPD vs Control
	GNDVI
	glcm_second_moment
	0.00
	0.02
	0.96
	0.25
	-0.02

	HPPD vs Control
	yellow
	glcm_entropy
	-0.04
	-0.02
	0.08
	0.40
	-0.02

	HPPD vs Control
	NDVI
	glcm_mean
	0.02
	0.04
	0.20
	0.00
	-0.02

	HPPD vs Control
	SAVI
	glcm_mean
	0.02
	0.04
	0.20
	0.00
	-0.02

	HPPD vs Control
	nir
	glcm_second_moment
	-0.03
	0.00
	0.12
	0.85
	-0.02

	HPPD vs Control
	GNDVI
	glcm_mean
	0.01
	0.04
	0.28
	0.00
	-0.02

	HPPD vs Control
	coastal
	glcm_homogeneity
	0.02
	0.04
	0.50
	0.14
	-0.03

	HPPD vs Control
	NDVI
	glcm_homogeneity
	0.01
	0.04
	0.58
	0.07
	-0.03

	HPPD vs Control
	SAVI
	glcm_homogeneity
	0.01
	0.04
	0.58
	0.07
	-0.03

	HPPD vs Control
	NDVI
	glcm_second_moment
	0.03
	0.06
	0.09
	0.01
	-0.03

	HPPD vs Control
	SAVI
	glcm_second_moment
	0.03
	0.06
	0.09
	0.01
	-0.03

	HPPD vs Control
	GNDVI
	glcm_homogeneity
	0.01
	0.04
	0.58
	0.10
	-0.03

	HPPD vs Control
	MSAVI
	glcm_variance
	0.02
	0.05
	0.17
	0.00
	-0.03

	HPPD vs Control
	rededge
	glcm_entropy
	-0.06
	-0.03
	0.03
	0.27
	-0.03

	HPPD vs Control
	red
	glcm_second_moment
	0.02
	0.06
	0.37
	0.00
	-0.04

	HPPD vs Control
	nir
	glcm_homogeneity
	-0.08
	-0.03
	0.01
	0.18
	-0.04












Table S5. Temporal linear model slopes of satellite-derived GLCM texture features and spectral indices across 0–21 DAS for control and treated plots in field experiments (2022): ALS vs. control treatment.

	comparison
	band
	feature
	control_slope
	herb_slope
	control_p
	herb_p
	diff

	ALS vs Control
	nir
	glcm_variance
	0.17
	0.07
	0.00
	0.00
	0.09

	ALS vs Control
	nir
	glcm_mean
	0.16
	0.07
	0.00
	0.00
	0.085

	ALS vs Control
	nir
	glcm_entropy
	0.05
	0.00
	0.05
	0.93
	0.05

	ALS vs Control
	nir
	glcm_dissimilarity
	0.03
	-0.01
	0.11
	0.58
	0.05

	ALS vs Control
	rededge
	glcm_homogeneity
	0.05
	0.01
	0.06
	0.54
	0.04

	ALS vs Control
	GNDVI
	glcm_entropy
	-0.01
	-0.05
	0.53
	0.06
	0.04

	ALS vs Control
	rededge
	glcm_second_moment
	0.05
	0.01
	0.04
	0.55
	0.04

	ALS vs Control
	yellow
	glcm_second_moment
	0.03
	0.00
	0.06
	0.99
	0.03

	ALS vs Control
	nir
	glcm_contrast
	0.01
	-0.01
	0.49
	0.34
	0.03

	ALS vs Control
	coastal
	glcm_entropy
	0.02
	-0.01
	0.49
	0.79
	0.03

	ALS vs Control
	green
	glcm_mean
	0.01
	-0.02
	0.40
	0.01
	0.02

	ALS vs Control
	coastal
	glcm_mean
	-0.01
	-0.03
	0.43
	0.00
	0.02

	ALS vs Control
	coastal
	glcm_dissimilarity
	-0.03
	-0.05
	0.19
	0.09
	0.02

	ALS vs Control
	blue
	glcm_mean
	0.01
	-0.01
	0.08
	0.07
	0.02

	ALS vs Control
	rededge
	glcm_mean
	0.01
	-0.01
	0.08
	0.19
	0.02

	ALS vs Control
	yellow
	glcm_mean
	0.01
	-0.01
	0.32
	0.02
	0.02

	ALS vs Control
	red
	glcm_mean
	0.01
	-0.01
	0.26
	0.02
	0.02

	ALS vs Control
	yellow
	glcm_homogeneity
	0.03
	0.01
	0.18
	0.53
	0.02

	ALS vs Control
	green
	glcm_homogeneity
	0.02
	0.00
	0.33
	0.88
	0.02

	ALS vs Control
	NDVI
	glcm_second_moment
	0.03
	0.01
	0.09
	0.37
	0.01

	ALS vs Control
	SAVI
	glcm_second_moment
	0.03
	0.01
	0.09
	0.37
	0.01

	ALS vs Control
	coastal
	glcm_contrast
	-0.02
	-0.04
	0.16
	0.12
	0.01

	ALS vs Control
	coastal
	glcm_variance
	-0.01
	-0.03
	0.11
	0.01
	0.01

	ALS vs Control
	red
	glcm_entropy
	-0.03
	-0.04
	0.32
	0.14
	0.01

	ALS vs Control
	MSAVI
	glcm_second_moment
	0.01
	0.00
	0.40
	0.84
	0.01

	ALS vs Control
	green
	glcm_variance
	0.00
	0.00
	0.57
	0.04
	0.01

	ALS vs Control
	rededge
	glcm_variance
	0.00
	0.00
	0.22
	0.17
	0.01

	ALS vs Control
	blue
	glcm_variance
	0.00
	0.00
	0.66
	0.08
	0.01

	ALS vs Control
	yellow
	glcm_variance
	0.00
	0.00
	0.29
	0.12
	0.00

	ALS vs Control
	red
	glcm_variance
	0.00
	0.00
	0.33
	0.05
	0.00

	ALS vs Control
	rededge
	spectral
	-0.02
	-0.02
	0.00
	0.00
	0.00

	ALS vs Control
	blue
	glcm_entropy
	-0.06
	-0.06
	0.03
	0.01
	0.00

	ALS vs Control
	nir
	spectral
	0.02
	0.01
	0.00
	0.00
	0.00

	ALS vs Control
	red
	spectral
	-0.02
	-0.02
	0.00
	0.00
	0.00

	ALS vs Control
	yellow
	spectral
	-0.02
	-0.02
	0.00
	0.00
	0.00

	ALS vs Control
	blue
	glcm_homogeneity
	0.03
	0.02
	0.16
	0.17
	0.00

	ALS vs Control
	MSAVI
	glcm_homogeneity
	0.03
	0.03
	0.27
	0.24
	0.00

	ALS vs Control
	green
	spectral
	-0.01
	-0.02
	0.00
	0.00
	0.00

	ALS vs Control
	green_i
	spectral
	-0.01
	-0.01
	0.00
	0.00
	0.00

	ALS vs Control
	blue
	spectral
	-0.01
	-0.01
	0.00
	0.00
	0.00

	ALS vs Control
	coastal_blue
	spectral
	-0.01
	-0.01
	0.00
	0.00
	0.00

	ALS vs Control
	blue
	glcm_contrast
	-0.01
	-0.01
	0.12
	0.14
	0.00

	ALS vs Control
	NDVI
	glcm_homogeneity
	0.01
	0.02
	0.58
	0.42
	0.00

	ALS vs Control
	SAVI
	glcm_homogeneity
	0.01
	0.02
	0.58
	0.42
	0.00

	ALS vs Control
	yellow
	glcm_contrast
	0.00
	0.00
	0.25
	0.25
	0.00

	ALS vs Control
	red
	glcm_dissimilarity
	-0.01
	-0.01
	0.34
	0.15
	0.00

	ALS vs Control
	blue
	glcm_dissimilarity
	-0.02
	-0.01
	0.09
	0.11
	0.00

	ALS vs Control
	green
	glcm_contrast
	-0.01
	0.00
	0.17
	0.49
	0.00

	ALS vs Control
	blue
	glcm_second_moment
	0.03
	0.03
	0.08
	0.04
	0.00

	ALS vs Control
	red
	glcm_contrast
	-0.01
	0.00
	0.31
	0.44
	0.00

	ALS vs Control
	GNDVI
	glcm_dissimilarity
	-0.02
	-0.02
	0.11
	0.09
	0.00

	ALS vs Control
	GNDVI
	spectral
	0.07
	0.07
	0.00
	0.00
	-0.01

	ALS vs Control
	yellow
	glcm_dissimilarity
	-0.01
	-0.01
	0.19
	0.34
	-0.01

	ALS vs Control
	MSAVI
	glcm_dissimilarity
	-0.02
	-0.01
	0.19
	0.18
	-0.01

	ALS vs Control
	MSAVI
	glcm_contrast
	-0.01
	-0.01
	0.15
	0.23
	-0.01

	ALS vs Control
	green
	glcm_dissimilarity
	-0.01
	0.00
	0.16
	0.53
	-0.01

	ALS vs Control
	rededge
	glcm_contrast
	-0.01
	0.00
	0.08
	0.72
	-0.01

	ALS vs Control
	NDVI
	glcm_dissimilarity
	-0.02
	-0.01
	0.35
	0.40
	-0.01

	ALS vs Control
	SAVI
	glcm_dissimilarity
	-0.02
	-0.01
	0.35
	0.40
	-0.01

	ALS vs Control
	NDVI
	spectral
	0.08
	0.09
	0.00
	0.00
	-0.01

	ALS vs Control
	GNDVI
	glcm_contrast
	-0.02
	-0.01
	0.05
	0.17
	-0.01

	ALS vs Control
	MSAVI
	spectral
	0.07
	0.08
	0.00
	0.00
	-0.01

	ALS vs Control
	NDVI
	glcm_contrast
	-0.01
	0.00
	0.29
	0.52
	-0.01

	ALS vs Control
	SAVI
	glcm_contrast
	-0.01
	0.00
	0.29
	0.52
	-0.01

	ALS vs Control
	MSAVI
	glcm_entropy
	-0.03
	-0.02
	0.21
	0.47
	-0.01

	ALS vs Control
	SAVI
	spectral
	0.13
	0.14
	0.00
	0.00
	-0.01

	ALS vs Control
	red
	glcm_homogeneity
	0.02
	0.03
	0.53
	0.10
	-0.01

	ALS vs Control
	coastal
	glcm_second_moment
	-0.04
	-0.02
	0.14
	0.41
	-0.02

	ALS vs Control
	red
	glcm_second_moment
	0.02
	0.04
	0.37
	0.13
	-0.02

	ALS vs Control
	rededge
	glcm_dissimilarity
	-0.02
	0.00
	0.08
	0.79
	-0.02

	ALS vs Control
	GNDVI
	glcm_homogeneity
	0.01
	0.03
	0.58
	0.15
	-0.02

	ALS vs Control
	NDVI
	glcm_entropy
	-0.04
	-0.02
	0.06
	0.33
	-0.02

	ALS vs Control
	SAVI
	glcm_entropy
	-0.04
	-0.02
	0.06
	0.33
	-0.02

	ALS vs Control
	yellow
	glcm_entropy
	-0.04
	-0.02
	0.08
	0.53
	-0.02

	ALS vs Control
	MSAVI
	glcm_mean
	0.02
	0.04
	0.08
	0.00
	-0.03

	ALS vs Control
	NDVI
	glcm_mean
	0.02
	0.05
	0.20
	0.00
	-0.03

	ALS vs Control
	SAVI
	glcm_mean
	0.02
	0.05
	0.20
	0.00
	-0.03

	ALS vs Control
	coastal
	glcm_homogeneity
	0.02
	0.05
	0.50
	0.12
	-0.03

	ALS vs Control
	GNDVI
	glcm_second_moment
	0.00
	0.03
	0.96
	0.12
	-0.03

	ALS vs Control
	GNDVI
	glcm_mean
	0.01
	0.05
	0.28
	0.00
	-0.03

	ALS vs Control
	nir
	glcm_second_moment
	-0.03
	0.01
	0.12
	0.72
	-0.03

	ALS vs Control
	rededge
	glcm_entropy
	-0.06
	-0.03
	0.03
	0.26
	-0.03

	ALS vs Control
	green
	glcm_entropy
	-0.04
	0.00
	0.07
	0.96
	-0.04

	ALS vs Control
	MSAVI
	glcm_variance
	0.02
	0.07
	0.17
	0.00
	-0.04

	ALS vs Control
	NDVI
	glcm_variance
	0.02
	0.07
	0.37
	0.00
	-0.05

	ALS vs Control
	SAVI
	glcm_variance
	0.02
	0.07
	0.37
	0.00
	-0.05

	ALS vs Control
	GNDVI
	glcm_variance
	0.02
	0.07
	0.30
	0.00
	-0.05

	ALS vs Control
	nir
	glcm_homogeneity
	-0.08
	0.03
	0.01
	0.21
	-0.11










Table S6. Temporal linear model slopes of satellite-derived GLCM texture features and spectral indices across 0–21 DAS for control and treated plots in field experiments (2023): ALS vs. control treatment.

	comparison
	band
	feature
	controls_slope
	herb_slope
	controls_p
	herb_p
	diff

	ALS vs Controls
	nir
	glcm_variance
	0.10
	-0.01
	0.01
	0.74
	0.11

	ALS vs Controls
	nir
	glcm_mean
	0.10
	-0.00
	0.00
	0.69
	0.10

	ALS vs Controls
	SAVI
	glcm_variance
	0.08
	0.03
	0.01
	0.28
	0.05

	ALS vs Controls
	NDVI
	glcm_variance
	0.08
	0.03
	0.01
	0.28
	0.05

	ALS vs Controls
	NDVI
	glcm_mean
	0.03
	-0.01
	0.01
	0.51
	0.05

	ALS vs Controls
	SAVI
	glcm_mean
	0.07
	0.02
	0.01
	0.51
	0.05

	ALS vs Controls
	GNDVI
	glcm_mean
	0.07
	0.02
	0.01
	0.51
	0.05

	ALS vs Controls
	rededge
	glcm_mean
	0.00
	-0.05
	0.99
	0.02
	0.05

	ALS vs Controls
	GNDVI
	glcm_variance
	0.09
	0.03
	0.01
	0.31
	0.05

	ALS vs Controls
	MSAVI
	glcm_variance
	0.09
	0.04
	0.01
	0.17
	0.05

	ALS vs Controls
	MSAVI
	glcm_mean
	0.07
	0.02
	0.01
	0.46
	0.05

	ALS vs Controls
	MSAVI
	glcm_homogeneity
	0.06
	0.01
	0.00
	0.68
	0.04

	ALS vs Controls
	rededge
	glcm_variance
	-0.03
	-0.07
	0.26
	0.00
	0.04

	ALS vs Controls
	NDVI
	glcm_homogeneity
	0.04
	0.00
	0.02
	0.99
	0.04

	ALS vs Controls
	SAVI
	glcm_homogeneity
	0.04
	0.00
	0.02
	0.99
	0.04

	ALS vs Controls
	nir
	glcm_entropy
	0.01
	-0.03
	0.58
	0.11
	0.04

	ALS vs Controls
	red
	glcm_homogeneity
	0.02
	-0.01
	0.14
	0.65
	0.03

	ALS vs Controls
	green
	glcm_mean
	0.01
	-0.02
	0.65
	0.31
	0.03

	ALS vs Controls
	GNDVI
	glcm_homogeneity
	0.04
	0.01
	0.03
	0.61
	0.03

	ALS vs Controls
	green
	glcm_variance
	-0.01
	-0.04
	0.64
	0.06
	0.03

	ALS vs Controls
	SAVI
	spectral
	0.12
	0.09
	0.00
	0.00
	0.03

	ALS vs Controls
	green
	glcm_homogeneity
	0.01
	-0.01
	0.53
	0.56
	0.02

	ALS vs Controls
	GNDVI
	glcm_second_moment
	0.01
	-0.01
	0.58
	0.28
	0.02

	ALS vs Controls
	nir
	glcm_dissimilarity
	0.01
	-0.01
	0.70
	0.49
	0.02

	ALS vs Controls
	NDVI
	spectral
	0.08
	0.06
	0.00
	0.00
	0.02

	ALS vs Controls
	blue
	glcm_homogeneity
	0.02
	0.01
	0.25
	0.76
	0.02

	ALS vs Controls
	nir
	spectral
	0.03
	0.02
	0.00
	0.00
	0.02

	ALS vs Controls
	coastal
	glcm_homogeneity
	0.01
	0.00
	0.59
	0.80
	0.02

	ALS vs Controls
	nir
	glcm_contrast
	-0.01
	-0.02
	0.61
	0.12
	0.01

	ALS vs Controls
	MSAVI
	spectral
	0.07
	0.05
	0.00
	0.00
	0.01

	ALS vs Controls
	yellow
	glcm_homogeneity
	0.04
	0.02
	0.03
	0.17
	0.01

	ALS vs Controls
	green
	glcm_second_moment
	0.01
	0.00
	0.29
	0.64
	0.01

	ALS vs Controls
	GNDVI
	spectral
	0.06
	0.05
	0.00
	0.00
	0.01

	ALS vs Controls
	blue
	glcm_entropy
	-0.02
	-0.03
	0.22
	0.03
	0.01

	ALS vs Controls
	yellow
	glcm_variance
	-0.02
	-0.04
	0.11
	0.08
	0.01

	ALS vs Controls
	rededge
	glcm_homogeneity
	0.01
	0.00
	0.66
	0.91
	0.01

	ALS vs Controls
	yellow
	glcm_entropy
	-0.02
	-0.03
	0.10
	0.02
	0.01

	ALS vs Controls
	blue
	glcm_variance
	-0.03
	-0.04
	0.13
	0.12
	0.01

	ALS vs Controls
	red
	glcm_second_moment
	0.00
	-0.01
	0.81
	0.59
	0.01

	ALS vs Controls
	NDVI
	glcm_second_moment
	0.02
	0.01
	0.08
	0.46
	0.01

	ALS vs Controls
	SAVI
	glcm_second_moment
	0.02
	0.01
	0.08
	0.46
	0.01

	ALS vs Controls
	blue
	glcm_mean
	-0.01
	-0.02
	0.70
	0.53
	0.01

	ALS vs Controls
	MSAVI
	glcm_second_moment
	0.02
	0.01
	0.10
	0.60
	0.01

	ALS vs Controls
	yellow
	glcm_contrast
	-0.01
	-0.01
	0.63
	0.52
	0.01

	ALS vs Controls
	rededge
	glcm_entropy
	0.00
	0.00
	0.75
	0.98
	0.00

	ALS vs Controls
	rededge
	spectral
	-0.01
	-0.01
	0.00
	0.00
	0.00

	ALS vs Controls
	green_i
	spectral
	0.00
	0.00
	0.00
	0.00
	0.00

	ALS vs Controls
	green
	spectral
	0.00
	-0.01
	0.00
	0.00
	0.00

	ALS vs Controls
	blue
	spectral
	-0.01
	-0.01
	0.00
	0.00
	0.00

	ALS vs Controls
	yellow
	spectral
	0.00
	0.00
	0.10
	0.06
	0.00

	ALS vs Controls
	coastal_blue
	spectral
	-0.01
	-0.01
	0.00
	0.00
	0.00

	ALS vs Controls
	yellow
	glcm_mean
	-0.02
	-0.02
	0.26
	0.32
	0.00

	ALS vs Controls
	red
	spectral
	-0.01
	-0.01
	0.00
	0.00
	0.00

	ALS vs Controls
	yellow
	glcm_dissimilarity
	-0.01
	-0.01
	0.37
	0.51
	0.00

	ALS vs Controls
	coastal
	glcm_entropy
	-0.01
	-0.01
	0.39
	0.47
	0.00

	ALS vs Controls
	coastal
	glcm_second_moment
	0.01
	0.01
	0.49
	0.38
	0.00

	ALS vs Controls
	rededge
	glcm_second_moment
	-0.01
	-0.01
	0.29
	0.56
	0.00

	ALS vs Controls
	coastal
	glcm_variance
	-0.04
	-0.04
	0.05
	0.04
	0.00

	ALS vs Controls
	yellow
	glcm_second_moment
	0.02
	0.02
	0.16
	0.06
	0.00

	ALS vs Controls
	red
	glcm_variance
	-0.04
	-0.03
	0.04
	0.13
	0.00

	ALS vs Controls
	green
	glcm_contrast
	-0.03
	-0.02
	0.04
	0.30
	-0.01

	ALS vs Controls
	blue
	glcm_dissimilarity
	-0.02
	-0.01
	0.34
	0.70
	-0.01

	ALS vs Controls
	red
	glcm_contrast
	0.00
	0.01
	0.72
	0.37
	-0.01

	ALS vs Controls
	coastal
	glcm_mean
	-0.04
	-0.03
	0.10
	0.14
	-0.01

	ALS vs Controls
	blue
	glcm_contrast
	-0.01
	0.00
	0.45
	0.86
	-0.01

	ALS vs Controls
	blue
	glcm_second_moment
	0.02
	0.03
	0.15
	0.01
	-0.01

	ALS vs Controls
	NDVI
	glcm_entropy
	-0.05
	-0.03
	0.00
	0.12
	-0.01

	ALS vs Controls
	SAVI
	glcm_entropy
	-0.05
	-0.03
	0.00
	0.12
	-0.01

	ALS vs Controls
	red
	glcm_entropy
	-0.01
	0.01
	0.53
	0.73
	-0.01

	ALS vs Controls
	green
	glcm_dissimilarity
	-0.02
	-0.01
	0.17
	0.73
	-0.01

	ALS vs Controls
	red
	glcm_dissimilarity
	0.00
	0.02
	0.75
	0.28
	-0.02

	ALS vs Controls
	GNDVI
	glcm_entropy
	-0.02
	-0.01
	0.21
	0.69
	-0.02

	ALS vs Controls
	GNDVI
	glcm_contrast
	-0.03
	-0.01
	0.02
	0.31
	-0.02

	ALS vs Controls
	NDVI
	glcm_contrast
	-0.03
	-0.01
	0.03
	0.41
	-0.02

	ALS vs Controls
	SAVI
	glcm_contrast
	-0.03
	-0.01
	0.03
	0.41
	-0.02

	ALS vs Controls
	MSAVI
	glcm_entropy
	-0.04
	-0.03
	0.01
	0.29
	-0.02

	ALS vs Controls
	green
	glcm_entropy
	-0.02
	0.00
	0.05
	0.71
	-0.02

	ALS vs Controls
	red
	glcm_mean
	-0.04
	-0.02
	0.15
	0.49
	-0.02

	ALS vs Controls
	coastal
	glcm_contrast
	-0.01
	0.01
	0.42
	0.57
	-0.02

	ALS vs Controls
	coastal
	glcm_dissimilarity
	0.00
	0.02
	0.93
	0.28
	-0.02

	ALS vs Controls
	MSAVI
	glcm_contrast
	-0.04
	-0.02
	0.00
	0.16
	-0.02

	ALS vs Controls
	nir
	glcm_homogeneity
	-0.02
	0.01
	0.22
	0.73
	-0.02

	ALS vs Controls
	nir
	glcm_second_moment
	-0.01
	0.01
	0.35
	0.34
	-0.02

	ALS vs Controls
	GNDVI
	glcm_dissimilarity
	-0.04
	-0.01
	0.02
	0.51
	-0.03

	ALS vs Controls
	NDVI
	glcm_dissimilarity
	-0.03
	0.00
	0.05
	0.91
	-0.03

	ALS vs Controls
	SAVI
	glcm_dissimilarity
	-0.03
	0.00
	0.05
	0.91
	-0.03

	ALS vs Controls
	MSAVI
	glcm_dissimilarity
	-0.05
	-0.01
	0.00
	0.46
	-0.03

	ALS vs Controls
	rededge
	glcm_dissimilarity
	-0.02
	0.01
	0.29
	0.58
	-0.04

	ALS vs Controls
	rededge
	glcm_contrast
	-0.04
	0.00
	0.13
	0.82
	-0.04









Table S7. Temporal linear model slopes of satellite-derived GLCM texture features and spectral indices across 0–21 DAS for control and treated plots in field experiments (2023): HPPD vs. control treatment.
	comparison
	band
	feature
	control_slope
	herb_slope
	control_p
	herb_p
	diff

	HPPD vs Control
	nir
	glcm_variance
	0.10
	-0.02
	0.00
	0.00
	0.12

	HPPD vs Control
	nir
	glcm_mean
	0.10
	-0.02
	0.00
	0.00
	0.11

	HPPD vs Control
	SAVI
	glcm_variance
	0.08
	0.01
	0.01
	0.01
	0.07

	HPPD vs Control
	NDVI
	glcm_variance
	0.08
	0.01
	0.00
	0.00
	0.07

	HPPD vs Control
	GNDVI
	glcm_variance
	0.08
	0.01
	0.01
	0.00
	0.07

	HPPD vs Control
	MSAVI
	glcm_variance
	0.09
	0.02
	0.01
	0.23
	0.07

	HPPD vs Control
	NDVI
	glcm_mean
	0.07
	0.00
	0.01
	0.77
	0.07

	HPPD vs Control
	SAVI
	glcm_mean
	0.07
	0.00
	0.01
	0.77
	0.07

	HPPD vs Control
	GNDVI
	glcm_mean
	0.07
	0.00
	0.01
	0.68
	0.07

	HPPD vs Control
	MSAVI
	glcm_mean
	0.07
	0.01
	0.01
	0.68
	0.06

	HPPD vs Control
	rededge
	glcm_mean
	0.00
	-0.04
	0.99
	0.23
	0.04

	HPPD vs Control
	rededge
	glcm_variance
	-0.03
	-0.07
	0.26
	0.04
	0.04

	HPPD vs Control
	green
	glcm_mean
	0.01
	-0.03
	0.65
	0.34
	0.04

	HPPD vs Control
	green
	glcm_variance
	-0.01
	-0.05
	0.64
	0.12
	0.04

	HPPD vs Control
	SAVI
	spectral
	0.12
	0.08
	0.00
	0.00
	0.04

	HPPD vs Control
	MSAVI
	glcm_homogeneity
	0.06
	0.02
	0.00
	0.27
	0.04

	HPPD vs Control
	red
	glcm_homogeneity
	0.02
	-0.01
	0.14
	0.67
	0.03

	HPPD vs Control
	GNDVI
	glcm_homogeneity
	0.04
	0.02
	0.03
	0.43
	0.03

	HPPD vs Control
	GNDVI
	glcm_second_moment
	0.01
	-0.02
	0.58
	0.20
	0.03

	HPPD vs Control
	NDVI
	glcm_homogeneity
	0.04
	0.01
	0.02
	0.47
	0.02

	HPPD vs Control
	SAVI
	glcm_homogeneity
	0.04
	0.01
	0.02
	0.47
	0.02

	HPPD vs Control
	NDVI
	spectral
	0.08
	0.06
	0.00
	0.00
	0.02

	HPPD vs Control
	blue
	glcm_homogeneity
	0.02
	0.00
	0.25
	0.94
	0.02

	HPPD vs Control
	nir
	glcm_dissimilarity
	0.01
	-0.02
	0.70
	0.30
	0.02

	HPPD vs Control
	MSAVI
	spectral
	0.07
	0.05
	0.00
	0.00
	0.02

	HPPD vs Control
	green
	glcm_second_moment
	0.01
	-0.01
	0.29
	0.36
	0.02

	HPPD vs Control
	nir
	glcm_contrast
	-0.01
	-0.03
	0.61
	0.04
	0.02

	HPPD vs Control
	yellow
	glcm_entropy
	-0.02
	-0.04
	0.10
	0.06
	0.02

	HPPD vs Control
	coastal
	glcm_entropy
	-0.01
	-0.03
	0.39
	0.05
	0.02

	HPPD vs Control
	nir
	spectral
	0.03
	0.02
	0.00
	0.00
	0.02

	HPPD vs Control
	GNDVI
	spectral
	0.06
	0.05
	0.00
	0.00
	0.02

	HPPD vs Control
	MSAVI
	glcm_second_moment
	0.02
	0.01
	0.10
	0.63
	0.01

	HPPD vs Control
	yellow
	glcm_homogeneity
	0.04
	0.02
	0.03
	0.41
	0.01

	HPPD vs Control
	SAVI
	glcm_second_moment
	0.02
	0.01
	0.08
	0.37
	0.01

	HPPD vs Control
	NDVI
	glcm_second_moment
	0.02
	0.01
	0.08
	0.36
	0.01

	HPPD vs Control
	nir
	glcm_entropy
	0.01
	0.00
	0.58
	0.81
	0.01

	HPPD vs Control
	green
	glcm_homogeneity
	0.01
	0.00
	0.53
	0.99
	0.01

	HPPD vs Control
	rededge
	glcm_entropy
	0.00
	-0.01
	0.75
	0.66
	0.01

	HPPD vs Control
	red
	glcm_second_moment
	0.00
	-0.01
	0.81
	0.65
	0.01

	HPPD vs Control
	blue
	glcm_contrast
	-0.01
	-0.02
	0.45
	0.43
	0.01

	HPPD vs Control
	rededge
	spectral
	-0.01
	-0.01
	0.00
	0.00
	0.00

	HPPD vs Control
	green
	spectral
	0.00
	-0.01
	0.00
	0.00
	0.00

	HPPD vs Control
	green_i
	spectral
	0.00
	0.00
	0.00
	0.00
	0.00

	HPPD vs Control
	blue
	glcm_entropy
	-0.02
	-0.02
	0.22
	0.08
	0.00

	HPPD vs Control
	rededge
	glcm_homogeneity
	0.01
	0.01
	0.66
	0.74
	0.00

	HPPD vs Control
	blue
	spectral
	-0.01
	-0.01
	0.00
	0.00
	0.00

	HPPD vs Control
	blue
	glcm_second_moment
	0.02
	0.02
	0.15
	0.05
	0.00

	HPPD vs Control
	yellow
	spectral
	0.00
	0.00
	0.10
	0.10
	0.00

	HPPD vs Control
	blue
	glcm_dissimilarity
	-0.02
	-0.02
	0.34
	0.50
	0.00

	HPPD vs Control
	coastal_blue
	spectral
	-0.01
	0.00
	0.00
	0.00
	0.00

	HPPD vs Control
	red
	spectral
	-0.01
	-0.01
	0.00
	0.00
	0.00

	HPPD vs Control
	red
	glcm_contrast
	0.00
	0.00
	0.72
	0.81
	0.00

	HPPD vs Control
	blue
	glcm_variance
	-0.03
	-0.02
	0.13
	0.18
	0.00

	HPPD vs Control
	green
	glcm_contrast
	-0.03
	-0.02
	0.04
	0.20
	0.00

	HPPD vs Control
	blue
	glcm_mean
	-0.01
	0.00
	0.70
	0.83
	0.00

	HPPD vs Control
	nir
	glcm_second_moment
	-0.01
	0.00
	0.35
	0.71
	-0.01

	HPPD vs Control
	green
	glcm_dissimilarity
	-0.02
	-0.01
	0.17
	0.53
	-0.01

	HPPD vs Control
	rededge
	glcm_second_moment
	-0.01
	-0.01
	0.29
	0.62
	-0.01

	HPPD vs Control
	GNDVI
	glcm_contrast
	-0.03
	-0.02
	0.02
	0.05
	-0.01

	HPPD vs Control
	coastal
	glcm_variance
	-0.04
	-0.03
	0.05
	0.12
	-0.01

	HPPD vs Control
	yellow
	glcm_variance
	-0.02
	-0.02
	0.11
	0.24
	-0.01

	HPPD vs Control
	coastal
	glcm_dissimilarity
	0.00
	0.01
	0.93
	0.75
	-0.01

	HPPD vs Control
	red
	glcm_dissimilarity
	0.00
	0.01
	0.75
	0.54
	-0.01

	HPPD vs Control
	red
	glcm_entropy
	-0.01
	0.00
	0.53
	0.79
	-0.01

	HPPD vs Control
	yellow
	glcm_mean
	-0.02
	-0.01
	0.26
	0.56
	-0.01

	HPPD vs Control
	NDVI
	glcm_entropy
	-0.05
	-0.03
	0.00
	0.03
	-0.01

	HPPD vs Control
	SAVI
	glcm_entropy
	-0.05
	-0.03
	0.00
	0.03
	-0.01

	HPPD vs Control
	MSAVI
	glcm_entropy
	-0.04
	-0.03
	0.01
	0.07
	-0.01

	HPPD vs Control
	SAVI
	glcm_contrast
	-0.03
	-0.01
	0.03
	0.26
	-0.01

	HPPD vs Control
	NDVI
	glcm_contrast
	-0.03
	-0.01
	0.03
	0.26
	-0.01

	HPPD vs Control
	yellow
	glcm_second_moment
	0.02
	0.03
	0.16
	0.05
	-0.01

	HPPD vs Control
	yellow
	glcm_contrast
	-0.01
	0.01
	0.63
	0.70
	-0.02

	HPPD vs Control
	coastal
	glcm_second_moment
	0.01
	0.02
	0.49
	0.04
	-0.02

	HPPD vs Control
	coastal
	glcm_mean
	-0.04
	-0.03
	0.10
	0.32
	-0.02

	HPPD vs Control
	GNDVI
	glcm_dissimilarity
	-0.04
	-0.02
	0.02
	0.21
	-0.02

	HPPD vs Control
	rededge
	glcm_dissimilarity
	-0.02
	0.00
	0.29
	0.84
	-0.02

	HPPD vs Control
	yellow
	glcm_dissimilarity
	-0.01
	0.00
	0.37
	0.87
	-0.02

	HPPD vs Control
	SAVI
	glcm_dissimilarity
	-0.03
	-0.01
	0.05
	0.53
	-0.02

	HPPD vs Control
	NDVI
	glcm_dissimilarity
	-0.03
	-0.01
	0.05
	0.53
	-0.02

	HPPD vs Control
	red
	glcm_variance
	-0.04
	-0.01
	0.04
	0.23
	-0.02

	HPPD vs Control
	rededge
	glcm_contrast
	-0.04
	-0.01
	0.13
	0.55
	-0.02

	HPPD vs Control
	nir
	glcm_homogeneity
	-0.02
	0.01
	0.22
	0.76
	-0.02

	HPPD vs Control
	coastal
	glcm_contrast
	-0.01
	0.01
	0.42
	0.63
	-0.02

	HPPD vs Control
	MSAVI
	glcm_contrast
	-0.04
	-0.02
	0.00
	0.11
	-0.02

	HPPD vs Control
	coastal
	glcm_homogeneity
	0.01
	0.04
	0.59
	0.10
	-0.03

	HPPD vs Control
	green
	glcm_entropy
	-0.02
	0.00
	0.05
	0.83
	-0.03

	HPPD vs Control
	GNDVI
	glcm_entropy
	-0.02
	0.01
	0.21
	0.74
	-0.03

	HPPD vs Control
	red
	glcm_mean
	-0.04
	-0.01
	0.15
	0.73
	-0.03

	HPPD vs Control
	MSAVI
	glcm_dissimilarity
	-0.05
	-0.02
	0.00
	0.24
	-0.03














Table S8. Classification performance of rule-based and UAV-to-satellite upscaling Random Forest models for satellite prediction of herbicide control failure in commercial fields (Random Forest with hotspot)
	Rule based ɫ 
	Random Forest β
	

	Recall
	Precision
	Recall
	Precision
	Site

	0.815
	0.933
	0.55
	1
	Filed 1

	0.847
	0.734
	0.18
	1
	Field 2

	0.673
	0.87
	0.5
	0.81
	Field 3

	0.769
	0.818
	0.03
	1
	Field 4

	0.781
	0.72
	0.09
	0.98
	Field 5

	0.936
	0.595
	1
	0.12
	Field 6

	0.223
	0.424
	0.57
	0.12
	Field 7

	0.71
	0.71
	0.41
	0.71
	average
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Fig. S1. Level of weed infestation on the spraying day in experimental fields in 2022 and 2023. based on SVM multispectral classification.
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