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1. Impact Nugget:  The Ohio State University team developed and characterized a rapid, whole-plant gas exchange 
system to improve measurement efficiency by reducing setup time between experimental set points, and to detect 
transient photosynthesis response due to short term environmental stimuli. The USDA-ARS team in Toledo, OH 
released Virtual Grower 2.0 software, and over 1,700 copies have been distributed since its release.  

2. New Facilities and Equipment. A temperature control system was installed in the 6-chamber controlled 
environment facility, modeled after the 10-chamber facility in Utah State University.  An ICP-Mass Spec purchased 
by a collaborator and installed in the ARS facility 

3. Unique Plant Responses.  Elevated CO2 (to 500 ppm) compensated for a three degree (F) decrease in 
temperature in stock geranium and lettuce production in a commercial greenhouse facility in Toledo, OH.  Elevated 
light (17.2 mol m-2 d-1) delayed initial stress symptoms of boron deficiency in geranium compared to lower light 
(5.76 mol m-2 d-1), likely due to increased B mobility from carbohydrate re-distribution.  Eventually, higher light-
grown plants had more severe deficiency symptoms.  Silicon alleviated copper toxicity stress in hydroponically 
grown Arabidopsis plants, in part by active regulation of proteins involved in metal uptake and distribution. 

4. Accomplishment Summaries.  Virtual Grower software was developed to allow a user to easily build, in 
software, a greenhouse that closely matched their facility so that energy simulations could be run conveniently.  
Virtual Grower 2.0 was released in 2008, which had plant growth simulation capabilities, as well as improved user 
interface, additional energy curtain options, and more descriptions of air infiltration (leakage) and heating system 
efficiency.  These changes allow a user to see the impact that optimizing in one area (heating efficiency) may have 
on plant growth and scheduling.  The software has enabled growers and engineers to more easily obtain energy 
audit information with which owners can seek funding for energy efficiency improvements.  Over 1,700 copies of 
VG 2.0 have been distributed, primarily through the website www.virtualgrower.net. 

In a walk-though of a commercial facility in 2007, it was noticed that CO2 concentrations were low (~200 ppm), 
especially in well-sealed houses designed for low air infiltration (leakage).  We established a CO2 control system 
for one house and allowed CO2 to be uncontrolled in an identical house at this commercial facility.  By controlling 
CO2 to 500 ppm, the grower could reduce temperature by 3 F and save 10% of his typical energy use.  The system 
paid for itself in 1 season, resulted in higher yield and quality of geranium stock plants and lettuce, and lowered the 
carbon footprint of his production by 60%. 

A rapid whole canopy photosynthesis measurement system has been developed to address the concerns and 
limitations of currently available CO2 gas exchange chambers.  The improved system has better response time, but 
similar accuracy and reliability of determining whole plant CO2 exchange compared to the systems of colleagues at 
Utah State Univ. and Univ. of Georgia.  
 
A review article was published summarizing factors affecting photosynthesis measurement accuracy using open 
type whole canopy photosynthesis measurement systems. The documentation can be used as a quality control tool 
to improve photosynthesis measurements.  
 

5. Impact Statements.  Virtual Grower software continues to be developed by the USDA-ARS team in Toledo, 
OH.  The software allows a user to design greenhouses and simulate heating and plant growth for 12 greenhouse 



crop species.  Users can optimize management strategies to save energy and improve scheduling.  Over 5,000 
copies have been distributed, with typical, easy-to-implement savings of around 20%.  

The rapid whole canopy photosynthesis system developed at OSU can be used to improve measurement efficiency 
by reducing setup time between experimental set points, and to detect transient photosynthesis response due to short 
term environmental stimuli. 
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