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Introduction

Among the technologies used for the indirect estimation of forage production traits, remote sensing stands
out through reflectance parameters to generate vegetation indices that can be applied as indicators of system
productivity (Barnes et al., 2014). This information can support management actions for livestock
production systems based on tropical pastures (Pezzopane et al., 2022). Therefore, this study aimed to
evaluate the capacity of different vegetation indices derived from images obtained by a multispectral
camera mounted on an unmanned aerial vehicle to estimate the production characteristics of tropical
forages.

Materials and methods

The research was conducted under tropical conditions in Sdo Carlos, SP, Brazil (21°57’S, 47°50°W, 860 m
asl.). From June 2023 to August 2024, monthly forage biomass destructive samplings were carried out at
ground level in four paddocks (0.50 ha each) of a rotational grazing system of Urochloa brizantha cv. BRS
Piatd (INT) and in two areas (3.0 ha each) of U. decumbens cv. Basilisk pastures maintained under
continuous stocking (EXT). Samples were obtained using 0.5 x 0.5 m squares, and georeferenced with
GNSS Receiver Topcon Hiper VR RTK, totaling 12 subsamples per paddock in the INT and 18 subsamples
per pasture area in the EXT. For each experimental unit, samples of total forage mass (kg DM ha™!),
fractions (%, of leaf, stem, and dead material), and leaf area index (LAI, m? m2) were obtained.

In the days leading up to the forage sampling, the images of the production systems were derived from
overflights in an unmanned aerial vehicle Matrice 210 (DJI, China) equipped with a multispectral camera
AGX 710 (Sentera, USA), with a flight of 120 m AGL and 70% frontal and lateral overlap. Image
processing was performed using Pix4D and QGIS software, allowing the statistics of the reflectance of the
Red, Red-Edge, and Near-Infrared (NIR) bands (670, 720, and 760 nm, respectively). From this, vegetation
indices such as the Normalized Difference Vegetation Index (NDVI), Normalized Difference Red Edge
(NDRE), Simple Ratio Index (SRI), Chlorophyll Index (ChL), and Modified Simple Ratio (MSR) were
calculated.

The relationships between the vegetation indices and forage variables were determined using the data
collected in all experimental units. The determination coefficient (R?) values obtained from linear
regressions were used to select the best index for each pasture variable.

Results and discussion

Figure 1 presents the relationship between the best vegetation indices and forage production traits. The
various vegetation indices did not perform well in estimating total forage mass (R? ranging from 0.04 to
0.09, Fig 1A) due to the large amount of dead material in the pastures during the dry season of the sampling
period, in agreement with Barnes et al. (2014). However, the best leaf + stem fraction estimates were
obtained with the NDRE and ChL indices (R? = 0.78, Fig 1B).The best correlation for the leaf fraction and
the leaf area index was obtained with the MSR index, with determination coefficients of 0.82 (Fig 1C) and
0.72 (Fig 1D), respectively.

These significant findings provide a deeper understanding of the potential of different vegetation indices
for estimating productive traits of tropical forages, becoming a valuable tool to support decision-making
that improves the management of tropical pastures (Serrano et al., 2011). Leaf+stem mass, leaf mass, and
LAI were accurately estimated using vegetation indexes. This is a good indication of the usefulness of these
vegetation indexes for pasture-based systems since the live fractions are the most important for animal
feeding (Pezzopane et al., 2022).
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Figure 1. Relationships between the Normalized Difference Red Edge (NDRE) and total forage mass (A),
leaf + stem mass (B), and between the Modified Simple Ratio (MSR) and leaf mass (C) and leaf area index
(D) of tropical pastures under different management systems.
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