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INTRODUCTION

OBJECTIVES

1) Assess  the relationship between ground-based and aerial-based phenotypic 
evaluation methods for drought stress traits in St. Augustinegrass 

2) Develop an efficient image processing pipeline  that can handle variable plot size 

3) Assess the usefulness of low-resolution aerial canopy temperature data for 
evaluating response to drought stress

MATERIALS & METHODS

• Despite the resolution differences, trait values collected aerially were
strongly correlated with those collected on the ground.

• Although the relationship is not 1:1, aerial values may be more
representative as they encompass the edges of plots.

• The lower resolution thermal imagery provided poor separation among
genotypes and is more sensitive to time of day than apparent stress.

• Future work is required to automatically detect edges to generate plot
boundaries (rather than using expected plot size and GPS data) for
higher data quality and time savings

• Breeding for drought resistance is increasing in importance in
the face of more sporadic weather patterns in the future with
the potential for more severe droughts (1).

• Visual rating of turf quality under drought is especially hard as
dry down within a plot is uneven (2). Thus, data is
supplemented with quantitative measures including
normalized difference vegetation index (NDVI) and digital
percent green cover (PGC). These methods are time-
consuming and limited by the size of plots they can capture.
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• A mapping population of 115 ‘Raleigh’ x ‘Seville’ progeny established in a field trial with 3
reps at two locations, the Sandhills Research Station (SH) in Jackson Springs, NC and the Lake
Wheeler Field Lab (LW) in Raleigh, NC was used to measure drought stress.

• Drought was initiated by withholding irrigation during a period of no rain, and data collection
occurred every 3 days. Traits collected included NDVI, percent green cover, and canopy
temperature. All data were collected within two hours of solar noon during dry down.
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• Strong correlation between
aerial and ground data for NDVI
and percent green cover was
observed at both locations.

• While all three traits were
significant at alpha = 0.05,
canopy temperature provided
the poorest separation of
entries into significance groups.

CONCLUSIONS & FUTURE WORK

Figure 4. Correlation between aerial and ground data for percent green
cover and NDVI at each location and date
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Figure 1. St. Augustinegrass 
plots experiencing drought 
symptoms, exemplifying 
how unevenly plots dry 
down

• Image processing began with
stitching UAV photos with GPS data
in Agisoft Metashape (Agisoft LLC).

• Orthomosaics were then transferred
to ArcGIS (Esri) for trait extraction.

• Statistical analysis was done in SAS
(SAS Institute) and the ggplot2
package (3) was used to create
figures

Table 1. Equipment used to collect each trait

Figure 3. Image processing pipeline 

Figure 5. Boxplots for aerial NDVI, 
percent green cover, and canopy 
temperature at Sandhills across each 
date of evaluation.    

Figure 7. Plot boundaries 
automatically generated 
based on plot size and 
GPS data (top) compared 
to manually drawn plot 
boundaries (bottom)
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Figure 6. Entry means groupings for aerial traits taken on 9/2.  Means 
separation calculated using Tukey HSD, alpha=0.05. Means covered by 
the same-colored bar are not significantly different. Entry and rep were 
significant for each trait at alpha =0.05. 

Figure 2. Weather conditions during drought data 
collection at each location. LW = Lake Wheeler Turf 
Field Lab, SH = Sandhills Research Station
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