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The Power of the Whole Picture



  

Our Method

● Very detailed evaluation of a relatively small 
number of plants

● Multiple measurements over time
● Seed and seedling evaluation
● Plant root imaging and analysis over time 
● Above surface measurement of plant 

development
● Integrated analysis



  

Applications

● Genetic Evaluation
– Size Distribution of Maize Roots

– Drought Tolerant Gene in Soybean

– Rate of Development of Maize Roots

● Treatment Evaluation
– Chemicals

– Extracts from plants and bacteria

– Living Bacteria and Fungi



  

Plant Growth

● Seed Imaging and Analysis
● Germination
● Seedling Imaging and Analysis
● Seedling Selection
● Transplanting to Growth Container
● Nutrient Solution and Application



  

X-Ray Image of Maize Seed



  

Seed X-Ray Image Acquisition

● 32 Maize seeds in fixture
● Computer controlled 

positioning
● Automated Image 

Capture



  

OCT Image of Maize Seed

● This is preliminary work
● Optical Coherent 

Tomography
● Uses near infra-red light
● Reflection occurs at a 

change of optical index 
of refraction 

● Sensitive to “layers”



  

Seed Analysis

● Example:
● Scutellum Area
● Done manually 

using ImageJ



  

Germination
● Seeds placed in germination pouches
● Pouches on hangers
● Each pouch photographed 4 days after 

germination



  

Seedling Analysis

● Example: Primary Root Length
● Done manually using ImageJ



  

Seed vs. Plant

● Green shows high correlation



  

Plant Growth

● Seedlings are 
transplanted from 
germination paper to our 
plant growth containers 
and substrate



  

Drip Irrigation
● Modified Hoagland Nutrient Solution
● Pressure Compensated Emitter Tips
● 30 seconds on 5 minutes off
● Pump driven recirculating nutrient solution



  

Our Grow Room



  

Above Surface Measurements
using maize as an example

done manually and entered into spreadsheets

● Periodic 
Measurements
– Vegetative State

– Plant Height

– Leaf Vertical 
Intercept Area

– Leaf Chlorophyll 
Content

● End of Experiment 
Measurements
– Stalk Diameter

– Flat Leaf Area

– Dry Root Mass

– Dry Shoot Mass



  

Leaf Vertical Intercept Area

● Useful for 
determining foliar 
spray dose to 
plant

● Illustration of Color 
Segmentation 
Software

● Note that only a 
specified range of 
green is shown.  
All other colors are 
rejected.



  

X-Ray Imaging



  

X-Ray Imaging
● X-Ray Generator on Left
● X-ray Camera on right
● Place plant into x-ray 

machine
● Plant rotates 90 degrees
● Plant moves up and 

down and back and forth
● 40 images are captured
● This example is 500cm 

plant container



  

RhizoTraits Software

● Version 2.0 Release to Customers Fall 2016
● Automates 

– Image Assembly

– Root Segmentation

– Data Analysis to Spreadsheet Format



  

RhizoTraits Start Screen

● A Java Front End calls scripts and executables.
● This is very flexible software, and works well with 

default settings.  
● Many settings can be modified for specific cases. 



  

Example Images of Maize
Assembled by RhizoTraits

Weekly Images



  

Full Resolution – Maize Kernel



  

Weekly Images of Poplar Cuttings



  

Root Segmentation by Size Class



  

Transect Analysis Example

● Horizontal Lines across 
segmented root image

● At each line, software finds 
position and root diameter at 
each crossing

● Data entered into 
spreadsheet automatically



  

Other Information 

● Total root length 
● Total projected area
● Root system width at each depth
● Root angle (not currently implemented)
● All root measurements automatically recorded 

in spreadsheet.



  

Analysis Result Spreadsheet



  

Replicate Growth through Time

Each symbol represents one plant.  This graph shows trajectory through time 
for each plant.  Fast plants stay fast; slow plants stay slow.  Useful for 
evaluating treatments that affect early development.



  

Effect of Treatment on Total Root 
Length

This Graph Shows trajectory through time for total root length 
of plant.  Effect of Treatment Dose is shown.



  

Root to Total Mass

Note: this graph uses end of experiment data, not x-ray data



  

Other Applications

● Maize Stalk and Ear Damage Assessment
● Ear Shoot Development
● Nematode Infestations
● Chlorophyl Content of Leaves
● Surface Tension Characterization for Foliar 

Spray



  

Damage to Maize Ear 
and Stalk



  

Ear Shoot Early Development

photograph x-ray image



  

Root Knot Nematode Infestation in 
Sunflower

Weekly development of nematode 
galls grown in Artificial Substrate



  

Reniform Nematode Infestation
Cotton grown in soil and washed prior to x-ray image

 

photograph of a Reniform 
Nematode egg mass

X-ray image of many Reniform 
Nematode egg masses



  

Chlorophyll Content of Leaves

● Hypothesis: leaf area x chlorophyll content = 
constant

● Higher chlorophyll content gives possibility of 
greater photosynthetic efficiency 

● Less leaf area per plant gives possibility of 
higher plant density per hectare



  

Foliar Spray and Surfactant

treatment with no surfactant

treatment  with surfactant (note spreading)



  

Conclusions

● Plant growth evaluation requires consideration of both above 
and below surface plant characteristics.

● A simplified, uniform plant growth environment allows the 
evaluation of genetics and treatment without the complicating 
effects of weather, soil properties, pests, and other variables.

● Software can analyze root system images and provide 
measures of root architecture.

● Conventional methods are used for above surface 
characteristics.

● Integrated analysis of above and below surface plant 
characteristics provide the whole picture of plant performance



  

The Power of the Whole Picture
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