
Introduction

Field-based phenotyping of growth and biomass yield of forage crops, in the context of research and breeding, involves monitoring a huge number of replicated plots
over several seasons. In these extensive trials growth is usually determined using visual scores, in combination with destructive measurements of biomass yield four or
five times per year (corresponding to the typical harvesting moments). In addition, visual scores are assigned to a complete plot, neglecting possible spatial
heterogeneity within the plot. Therefore, current methodology suffers from low temporal and spatial resolution. Furthermore, visual scoring is prone to biases due to the
subjectivity of the evaluator. The objective of this study is to develop an objective methodology to monitor growth and biomass accumulation of perennial ryegrass plots
using visual images captured using a drone.
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Field trial. We used a field trial used consisting of 1350 micro-plots (1.04 m2) of
perennial ryegrass (Lolium perenne) established in Merelbeke (Belgium), as part of
GrassLandscape, a FACCE-JPI ERA-NET+ project. The trial comprised 500 accessions
that capture the natural diversity of the species across Europe and North Africa
(Fig. 1A). As this set of accessions displayed a very broad range of genetic and
phenotypic diversity, including growth characteristics, it was ideal for the
development of the methodology.
The trial was sown in October 2015 and consisted of 4 blocks, each containing
accessions of the same maturity group. Each block was organized as a randomized
block design, with 3 repetitions per accession.
To calibrate the methodology (results presented here) we used the inter-plot and
inter-block areas that are sown with the L. perenne cultivar Olano.
Measurements. A total of 22 flights were carried out between 25/04/2017 and
03/10/2017 using a dodecacopter Hydra-12 Onyxstar (Mikrokopter, Germany) (Fig.
1B) equipped with a RGB camera Sony a6000 (Sony, Japan). Per flight an
orthophoto and a Digital Elevation Model (DEM) were built using Agisoft Photoscan
v1.2.6 (Agisoft LLC, St. Petersburg, Russia). With the same frequency canopy height
was measured with a rising-plate meter (Fig. 1C) and biomass samples were
collected.
To estimate the canopy height, a digital surface model (DSM) representing terrain
and canopy height, and a digital terrain model (DTM) representing only terrain
height were built. A canopy height raster was built by subtracting the DTM from
the DSM. To evaluate the accuracy of these data four sets of artificial reference
objects (Fig. 2B) were located in the field (Fig. 2D).
Canopy height (CH) data from the height raster and from the rising-plate meter
measurements were compared (Fig. 3B). In addition, correlations between CH and
biomass data gathered using destructive methods were calculated (Table 1).
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Figure 3
A: Location of the CH
measurements with the
rising-plate meter per
plot in the orthophoto
and height raster;
B: Correlations between
CH measured with the
rising-plate meter and
derived from the UAV
flights for four dates.
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Figure 2 A: Orthophoto with GCPs (blue to build the orthophoto, red as validation points) and
height references (orange rectangles); B: Set of height references (7 levels from 5 to 40 cm); C:
Orthophoto’s zoom over the height references; D: Estimation of the height references in four
flights compared with their real height (dashed line 0-1).
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Figure 1 A: Map of the accessions’ provenance; B: UAV model - dodecacopter Hydra-12
Onyxstar (Mikrokopter, Germany); C: Rising-plate meter used; D: Timeline with data used.
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Table 1: Correlations between the canopy height estimated from the
UAV flights (UAV_median CH) and measured with the rising-plate
meter (RPM_mean CH), and fresh and dry biomass (Plot FW and Plot
DW from destructive samples) (n=48 plots).
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Results

1. Average RMSE in the Z plane over all time points was 1.2 cm,
demonstrating a good estimation of canopy height (Fig. 2D)
using drone-derived images.

2. Canopy height (CH) estimations from the UAV flights show the
within-plot variability, represented as variation in color of the
pseudocolor height raster (Fig. 3A) (plots are indicated with
dashed lines).

3. The relation between rising plate meter height measurements
and the canopy height data derived from the height rasters are
shown for the first growth period (25/04/2017 to 30/05/2017,
Fig. 3B). Because the rising-plate meter is compacting the grass
canopy, data based on the UAV derived height raster provide a
better representation of the real canopy height.

4. High correlations between canopy height (from rising-plate
meter measurements and height raster) and biomass
destructive samples were obtained.
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Rising-plate meter (cm)

Plot FW (g) Plot DW (g) RPM_mean CH

UAV_median CH 0.912 0.916 0.931

Plot FW (g) - 0.978 0.906

Plot DW (g) - - 0.915


