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1.) PROJECT ACTIVITIES COMPLETED DURING THE REPORTING PERIOD.  
 
Objective 1:  Develop crop models using UAS imagery in homogenous fields containing plots with variable 
genetic material and management practices 
Plant height and canopy closure traits have been extracted from all of the weekly flights that were conducted 
during the 2019 growing season for the homogenous field conditions that contain plots with variable genetic 
material and management practices. All trials were harvested during this quarter as well. The wet fall and 
early snow storms caused some challenges in this effort (Figure 1). Crop models are now being developed 
from these data. We are also beginning to conduct a genome-wide association study (GWAS) on a set of 
500 diverse lines that were flown in Summer of 2019 to identify genes that control growth rate throughout 
development in a multivariate framework. 

 
 
 

Figure 1. Field trial harvest 2019. 



In the Summer of 2019 we also obtained images of a single production field throughout the season. 
Coordinates for 20 regions of the field were marked and hand measurements were collected for these 
“plots”.  Variation was observed for growth patterns across these regions (Figure 2). We attempted to apply 
our analysis pipeline to these images, however, the relationship with hand measurements was not as strong 
as were observed for experiments in homogenous fields with plots of different genotypes, for which the 
method was originally developed. This pilot study has been critical in identifying changes that are needing 
during both data collection to make in future growing seasons for images collecting in production fields as 
well as in analysis methods to improve the accuracy of the UAV extracted trait data.  

 
Objective 2: Identify spectral wavelengths and morphological features that differentiate stress response. 
We have continued running greenhouse experiments to determine optimized growth conditions to achieve 
maximum morphological and spectral differentiation of stress versus control conditions focusing primarily 
on temperature stresses.  
 
2.) IDENTIFY ANY SIGNIFICANT FINDINGS AND RESULTS OF THE PROJECT TO DATE.  
 
Please see above for results in the previous quarter.  
 
 
3.) CHALLENGES ENCOUNTERED.  
 
No new challenges have been encountered during this quarterly reporting period.  
 
 
4.) FINANCIAL INFORMATION  
 
No budgetary challenges were encountered and there were no significant deviations from the projected 
project spending.  
 
 
5.) EDUCATION AND OUTREACH ACTIVITES.  
 
Manuscript submitted for peer review and available in pre-print: 
 
Tirado, S., C. Hirsch, N. Springer. 2019. UAV Based Imaging Platform for Monitoring Maize Growth 
Throughout Development. bioRxiv.doi.org/10.1101/794057. (accepted pending revisions at Plant Direct) 
Available at https://www.biorxiv.org/content/10.1101/794057v1 

Figure 2. Production field data collection. The first image shows the field that was imaged at the start of the growing season. 
The second image shows a digital elevation model (DEM) for this field. The third image show the regions of the field from 
which hand measurements were collected as indicated by purple squares. The graph shows heights for the 20 regions throughout 
the season based on hand measurements. 



 
Invited Talk: 
 
Tirado, S. 2020. Characterizing Genetic and Environmental Impacts on Maize Using Phenomic 
Approaches. Bayer Crop Science. St. Louse, MO. 18 January 2020.  
 
 
 
 
 


