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August 24, 2020 

Dr. Jeff Jacobsen 
NCRA Executive Director  
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Justin S. Morrill Hall of Agriculture 
Michigan State University 
East Lansing, MI 48824 
 
Dear Dr. Jacobsen,  

As the Senior Associate Director of Agricultural Research and Graduate Education at Purdue University I 
am writing to propose the creation of a North Central regional plant phenotyping committee to promote 
efficient usage of the established plant phenotyping facilities and capacities among the institutions in the 
North Central region and to nurture research collaboration among scientists and engineers. Creation of 
this committee will support multidisciplinary teams of scientists and engineers in the development of 
high-throughput phenotyping (HTP) facilities and systems in controlled and field environments. These 
systems will enable researchers to overcome the phenotyping bottleneck in plant science and crop 
improvement programs.  

To ensure the food, fiber and energy supply for a global population of 9 billion people by 2050, we need to 
have dramatic development in agriculture science to create crop plants that deliver more nutritious values 
and higher yield while requiring fewer inputs (e.g. water and nutrients) and tolerance to environmental 
challenges. To this end, plant scientists have been developing and adopting cutting edge advances in plant 
biology to establish novel traits in agronomic crops.  

Phenomics is a key link between progress in plant genomics and novel trait development in agronomic 
crops because of its focus on assessing and quantifying plant traits at multiple scales. The phenotype of an 
organism refers to the observable morphological and physiological properties of the organism. Yet, plant 
phenotyping has been a bottleneck that limits efficient adoption of genomic tools to improve crop 
breeding.  Until recently, the majority of plant phenotyping data have been manually collected and were 
low throughput, time-consuming, and labor intensive. Consequently, these traits were often limited to 
specific growth stages and did not reflect the dynamic response of crop plants to variations in 
environmental conditions. Recent advances in remote sensing technologies provide us the capabilities to 
ascertain plant responses to environmental variations both in controlled conditions and field production 
environments. These systems empower plant biologists to acquire extensive information on key traits of 
plants. 

Purdue University has invested heavily in plant phenomics research capacity in recent years and as a 
founding member of this committee is interested in contributing to this collaborative effort. Existing 
research teams are already contributing to the Controlled Environment Phenotyping Facility (CEPF) on 
campus and the Indiana Corn and Soybean Innovation Center (ICSC) for plant phenomics research at the 
Agronomy Farm. The CEPF is an HTP facility that enables high-throughput, non-destructive 
measurements on multiple traits of diverse crop species in a growth chamber environment that supports 
analyses of up to 256 plants simultaneously under precisely controlled environmental conditions. The 
ICSC supports field-based phenotyping research on a >1600 acre research farm near campus.  Similar 
remote sensing instruments are used in each environment including color (RGB), hyperspectral (400 – 
2500 nm), and thermal imaging systems. Light Detection and Ranging (LiDAR) systems are being used 
for 3-D plant detection and a new X-ray CT system for root imaging.  Combining these imaging systems 
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and environments with an image analysis pipeline will make it possible to conduct autonomous 
measurements on various traits of a variety of crops. 

In recent years, there have been tremendous industrial and academic interest in developing and 
leveraging integrated high-throughput phenotyping facilities. However, because of the significant initial 
investments, the high cost of operating and maintaining the facilities, and the unique expertise needed in 
managing the diverse array of technologies in the facilities, it is not practical nor economically viable for 
each land grand university to establish its own high throughput plant phenotyping systems like the ones 
established at Purdue University.  

The NC regional plant phenotyping committee will promote collaboration among scientists across 
campuses in the NC region, and will establish a time-sharing mechanism to run experiments for multiple 
universities’ scientists in the established high-throughput plant phenotyping facilities. Doing so, the 
committee would not only facilitate unprecedented accessibility of cutting-edge plant phenotyping 
facilities, but also promote research activities across multiple universities, and enable the regional 
universities to more efficiently leverage the ever scarce financial resources to sponsor research and 
educational activities.  

The committee also would serve as a consortium for multi-disciplinary collaboration among biologists, 
engineers, and data scientists. The integrated high-throughput phenotyping facilities empower efficient 
plant biology assessment by heavily leveraging non-invasive imaging, machine vision, as well as 
spectroscopy driven by automated robotics and automated data pipeline based on high-performance 
computing. The image analysis and data modeling using the matrix extracted from image analysis 
empowers the biologist to extract plant growth dynamics, the morphological and physiological 
characteristics of plants, and to quantify the spatially heterogeneity of key bio-physical parameters. Yet 
these data/image analysis and modeling are sophisticated and require tremendous expertise in 
engineering and data sciences. The NC regional committee, as a consortium that promotes research 
collaboration across campuses, will perform as a catalyst that drives cross-disciplinary collaboration 
between engineers, data scientists and biologist across multiple universities.  

The proposed committee would also enable the various universities to attract a larger population of 
students with interests in STEM to join research in the studies empowered by the phenotyping facilities 
which are interdisciplinary in nature, and also to attract excellent faculty to conduct plant phenotyping 
studies that provide solutions to world food security and sustainability of our agricultural systems.    

Thank you for taking time to consider Purdue University’s proposal in forming a NC committee in plant 
phenomics. I look forward to hearing from you. If you have any questions, please feel free to contact me.  

Sincerely,  

Marshall A. Martin, PhD 

 

Senior Associate Director of Agricultural Research and Graduate Education 

 

Cc/ Bernie Engel 

 


