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Abstract:

Context and purpose of the study - Estimation of vineyard leaf area index (LAl) is an important aspect for
the winegrowers. However, tracking and monitoring are difficult tasks due to time constraints. Satellite and
unmanned aerial vehicle (UAV) imaging have become a practical monitoring method for LAI. Nevertheless,
for a proper LAl determination, the image’s spatial resolution is a key factor, since low-resolution images are
incapable of distinguishing between adjacent vines due to the large area covered in each pixel, this leads to
misinterpretation or generalisation of vineyard information.

The objective of this study was to evaluate the effect of spatial resolution on the accuracy of LAl estimation
using different spatial resolutions: Landsat8 (30 m), Sentinel-2 (10 m) and UAV Multispectral images (0.05
m).

Material and methods - This study was carried out in a dryland vineyard cv. Pinotage situated in
Stellenbosch, at the Welgevallen experimental farm (33°57’8” S, 18°52’26” E). The block (1.9 ha) has a
North-South orientation and was planted on a West-South-West slope. The vines are trained on a seven-
wire (moveable) hedge trellis, VSP (vertical shoot positioning) system.

Three sources of remote sensing data, with different spatial resolutions, were chosen: i) Multispectral
images acquired by a multi-rotor unmanned aerial vehicle (UAV) (spatial resolution 0.052 m); ii) Landsat 8
images (spatial resolution of 30 m) and iii) Sentinel-2A images (spatial resolution of 30 m). Images from
these three sources were used to calculate the normalised difference vegetation index (NDVI) from the
experimental site, and these values were compared with field measurements (empirical LAl model).

Results - Results obtained from low-resolution satellite images show a poor accuracy in the estimation of LAI
on a plant scale. The image resolution of Landsat 8 and Sentinel-2 was not high enough to differentiate
between adjacent groups of vines. The UAV multispectral images obtained the best agreement with the field
LAl measurements, due to the high resolution (0.052 m pixel size). It is evident with the results obtained that
UAV imaging is the most appropriate and accurate monitoring methodology since this technology providing
enough information to estimate LAl per plant.

Keywords: Normalised difference vegetation index (NDVI), Unmanned aerial vehicle (UAV), Grid analysis,
Spatial variability.
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Figure 1. (A) Remote sensing platforms and (B) Methodology for the image analysis
of the UAV multispectral and satellite images, resulting in the LAl estimation from the
NDVI values.
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Table 1. LAI-NDVI relationships. Pixel-based (UAV, Sentinel-2 and Landsat 8) and average (Sentinel-2 and Landsat 8).

EL [ [ RMSEpg RMSE 6 g Eia RMSEpg RMSE g

23 0.35* 0.070 0.019 0.023* 0.086 0.051 0.011 0.047 0.086 0.039

0.390* 0.080 0.051 0.037 0.006 0.085

0.057 0.054 0.085 0.058 0.03 0.100 0.086 0.048

EL = Modified Eichhomn-Lorenz code; r? = Coefficient of determination; RMSE = Root mean square error; PB = pixel based; AVG = average. * indicates a
significant linear regression (p-values < 0.05); EL23 Flowering; EL27 Setting; EL31 Berries pea-size; EL35 Veraison and EL38 Harvest.
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