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Using phenomic approaches for monitoring genotype and 
growing conditions in maize

Hyperspectral imaging RGB UAV imaging
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Phenotype

Temporal phenotypic data can advance our understanding of 
end-season productivity



1. Develop procedure for extracting 
traits using drone imagery 

2. Use HTP for understanding a plant’s 
reaction to E+M in terms of in-season 
growth and end-season productivity

3. Use HTP to get a better understanding 
of different factors that affect lodging 
severity and recovery in maize 
nurseries

Project Aims:



???

UAS mission 
settings

Images Align photos
Estimate 
camera 

positions

Georeference
using GCPs

Build dense 
point cloud

Build DEM
Build 

Orthomosaic

Orthomosaic
K-means 

classification
- plant
- soil
- shadows

Feature 
Extraction

Plant 
segmentation

Plot 
segmentation

Orthomosaic,
DEM & Dense 

Cloud

Orthomosaic & 
DEM

Pix4Dcapture Agisoft Photoscan

MATLAB

Input/output layer

Process

How do we go from drone imagery to meaningful data?
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What phenotypic traits can we get? 
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Data collection:
▪ Weekly trait data

▪ Drone platform
▪ Hand measurements

▪ Environmental Data
▪ Weather station
▪ Soil tests

▪ Yield
▪ Ear-cob-kernel traits

Experimental Design for 2018 and 2019

Miller et al., 201612 hybrids, 2 replicates

12 hybrids, 2 replicates
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Accuracy of UAV-derived height is variable throughout development

Adj R2 = 0.96

RMSE = 25.38cm 
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UAV-derived height can be useful for assessing growth patterns
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C)A) Height through Time of Individual Plot
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Predicting end-season traits using early-season UAV measurements
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Root lodging has become a large issue across the US

No 
Lodging
< 25%

Partial 
Lodging

25% - 75%

Extreme 
Lodging
> 75%

Percent of lodged plots

152 bu/acre

144 bu/acre

140 bu/acre

- 8 bu/acre

- 4 bu/acre

- 12 bu/acre



Can we study lodging responses using UAV data?
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2018
2019

What metric can we use to assess lodging from UAV imagery?
Percent change in height from the height the day before lodging



What variables impact lodging responses in maize?
Percent change in height from the height the day before lodging

2019



What variables impact lodging responses in maize?
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Future directions

1. Get a better understanding of different environmental 
factors that cause lodging in maize nurseries

2. Identify different avenues of lodging resistance

3. Get a better understanding of how early season 
growth rates as well as lodging impact yield and yield 
component traits



Take-away Points

• Temporal phenotype estimates are needed to 
better understand of how genetic and phenotypic 
elements interact with the environment

• We can use PH UAV measurements to document 
differences in growth rates throughout the growing 
season

• PH measurements collected at multiple timepoints 
early in development can be useful in improving 
predictions of PH at the end of the season

• We can use UAV PH estimates to assess variation 
for lodging responses
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