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Abstract: This study aimed to utilize unmanned aerial vehicle (UAV) multispectral technology to construct a high-

precision inversion model for dynamic, non-destructive,
Wra B #3:2025-06-19 and large-scale monitoring of grapevine water status.
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KRG 5 4 TAE % (Fomail) 13209511934@ visible light indices, and pre-dawn leaf water potential
163.com (¥,.) at different developmental stages (20—40 days af-
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mental material to analyze the correlations between canopy

single-band reflectance, multispectral vegetation indices,
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ters closely related to ¥, at each stage. Univariate linear regression, multiple linear regression, and partial least squares

regression (PLSR) were employed to construct ¥, estimation models for each growth stage. The results showed that the

pre-dawn leaf water potential prediction models constructed using the three methods all exhibited certain predictive capabili-

ties. The coefficients of determination ( R*) for the univariate linear models were 0.560, 0.448, and 0.641 for 20-40 days
after anthesis (DAA) , 41-60 DAA, and 61-80 DAA, respectively. For the multiple linear models, the R* values were
0. 622, 0.680, and 0.713, and the PLSR models achieved R values of 0.695, 0.777, and 0.763, improving prediction ac-

curacy by 7.01%-73.44% compared with univariate and multiple linear regression models. In summary, machine learning

models based on UAV multispectral remote sensing can effectively predict pre-dawn leaf water potential. The PLSR model

significantly improved prediction accuracy by integrating multispectral features and nonlinear relationships, with the best

performance observed at 41-60 DAA, providing a basis for precision irrigation decision-making in large-scale vineyards.
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Fig.1 Overview of the experimental zone
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Table 1 Vegetation indices used in this study
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Fig.4 Correlation between visible light indices and leaf water potential ( ¥, )

®2 ETLMORAKAHHFKE (P, TEER

Table 2 Regression results of leaf water potential (i) based on linear regression model

G RE(d) A At R? RMSE N
20~40 1 NIR 0.560 0.038 0
2 GREEN 0.085 0.055 0.029
3 NDVI 0.274 0.049 0
4 RNDVI 0.502 0.040 0
5 0SAVI 0.490 0.041 0
6 REDG 0.400 0.044 0
7 p 0.308 0.047 0
8 y 0.082 0.055 0.031
9 RGRI 0.267 0.049 0
10 GLI 0.082 0.055 0.031
11 VARI 0.326 0.048 0
12 GREEN LCI .y NIR .0SAVI .RGRI 0.615 0.035 0
13 GREEN LCI \NIR .OSAVI .RGRI 0.620 0.035 0
14 GREEN NIR .OSAVI RGRI 0.622 0.035 0
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AEJE REL(d) LAY 7R i R? RMSE Y
41~60 1 BLUE 0.253 0.115 0
2 NDVI 0.174 0.121 0.003
3 p 0.163 0.121 0.003
4 y 0.398 0.103 0
5 B 0.437 0.100 0
6 NGRDI 0.448 0.099 0
7 RGRI 0.357 0.106 0
8 GLI 0.398 0.103 0
9 VARI 0.302 0.111 0
10 BLUE .p B .NDVI RGRI NIR 0.679 0.075 0
11 p B.NDVI RGRI NIR 0.680 0.075 0
12 p B.RGRI NIR 0.672 0.076 0
61~80 1 REDG 0.303 0.063 0
2 NIR 0.206 0.067 0.001
3 RED 0.573 0.049 0
4 BLUE 0.502 0.053 0
5 GREEN 0.452 0.056 0
6 NDVI 0.016 0.069 0.004
7 TCARI/ OSAVI 0.641 0.045 0
8 p 0.117 0.071 0.012
9 y 0.049 0.073 0.077
10 B 0.150 0.069 0.005
11 RGRI 0.082 0.072 0.032
12 VARI 0.090 0.072 0.026
13 NIR 8.TCARI/ OSAVI .RED NDVI ,p 0.708 0.040 0
14 NIR B .RED NDVI p 0.709 0.040 0
15 NIR .RED NDVI p 0.713 0.040 0
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Fig.5 The relationship between predicted and measured values of leaf water potential (%,,.) based on multiple linear regression
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Table 3  Leaf water potential ( ¥, ) inversion results based on

partial least squares regression (PLSR) model

S TR i AR
(d) R RMSE R RMSE
2040 0.695 0.031 0.655 0.055
41~60 0.777 0.062 0.773 0.048
61~80 0.763 0.036 0.738 0.051
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Fig.6 The relationship between predicted and measured values of leaf water potential ( ¥,

(PLSR) model
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