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Objectives

The project goal was to fuse leaf fluorescence and reflectance characteristics to remotely sense vegetation and terrain 

conditions.  The project objectives were:

• For multiple species, link leaf reflectance and fluorescence patterns with different causes and degrees of plant stress.

• Extend glasshouse/laboratory results to field situations to link field measurements of leaf fluorescence and reflectance to 

natural environmental stress.

• Under field conditions and with potential multiple environmental stresses, use measurements of photosynthesis, plant water 

status, leaf fluorescence and reflectance to "sort" and identify the forms of stress.

• Link landscape level hyperspectral measurements to spatial variations in leaf fluorescence and reflectance to map 

environmental quality.

• Effectively characterize plant stress as a terrestrial indicator for both civil and military (e.g. mobility) applications

The Add-on objectives were: 

• Use glasshouse/laboratory experiments to determine if exposure to TNT contaminated soils and associated changes in 

plant physiological parameters can be remotely sensed.

• Identify highly responsive species to serve as contamination indicators.

• Link landscape level hyperspectral measurements to experimental results to remotely identify TNT contaminated soils.

Accomplishments

• Laboratory measurements with the evergreen shrub, Myrica cerifera, and with the invasive grass, Phragmites australis, 

indicate that light-adapted fluorescence measurements have been successful in all experiments at detecting stress prior to 

visible signs of damage.  

• Regardless of concentration, treatments with the surrogate nerve agent (i.e. insecticide) did not induce detectable 

physiological stress or changes in fluorescence or reflectance characteristics.  

• Reflectance characteristics were effective at tracking changes in light-adapted fluorescence at the leaf-level scale.  Thus, 

variations in physiological responses were linked to changes in chlorophyll fluorescence which were linked to differences in 

reflectance patterns.  These results are promising for linking fluorescence to reflectance for rapid detection of stress in plants 

through remote sensing of hyperspectral imagery.  

• When applied at the canopy level, the relationships identify environmental variations across the landscape as indicated by 

stress and associated stressors in plants prior to visible signs of damage.  

• From the combined field and hyperspectral data collection, and using the results of our laboratory studies, we have 

established links between the remotely sensed data and environmental conditions in the field as projected by our indicator plant 

species.  We have identified spatial variations in salt stress, seasonal changes in drought stress and year to year variations in 

vegetation stress.

• For laboratory experiments, several reflectance indices and the chlorophyll fluorescence response were able to detect TNT 

induced stress in plants before changes in leaf pigments or visible damage occurred.

• Field studies at the Duck, NC Field Research Facility revealed differences in plant physiological stress and leaf and canopy 

reflectance when plants growing over suspected buried UXOs were compared with reference plants.

Technology Transfer

• This project includes frequent communications and collaborations with the ERDC TEC lab in northern Virginia.  We 

regularly visit their facility to discuss progress and to share information.  All phases of this project, including results and 

conclusions are readily accessible to their staff.  For example, Dr. Anderson has used our laboratory results to develop a light 

adapted algorithm that is a modified version of the European Space Agency’s dark-adapted plant model for remotely sensing 

stress at the plant canopy level.  

• Dr. John Anderson and his associates maintain a remote office and a research laboratory in the VCU Trani Life Sciences 

Building.  Dr. Julie Zinnert (Naumann) maintains an office and regularly works in Dr. Anderson’s lab, my lab, and the VCU 

greenhouse facility

• I and my students interact with Dr. Zinnert, Dr. Anderson, and their associates on a weekly basis. 

• The natural interactions between the PI's lab at VCU and the staff at the ERDC-TEC lab ensure a seamless transition of 

data and results.

Technology Transfer
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Accomplishments 

 Laboratory measurements with the evergreen shrub, Myrica cerifera, and with the invasive grass, Phragmites australis, 
indicate that light-adapted fluorescence measurements have been successful in all experiments at detecting stress prior to 
visible signs of damage.   

 Regardless of concentration, treatments with the surrogate nerve agent (i.e. insecticide) did not induce detectable physiological 
stress or changes in fluorescence or reflectance characteristics.   



 Reflectance characteristics were effective at tracking changes in light-adapted fluorescence at the leaf-level scale.  Thus, 
variations in physiological responses were linked to changes in chlorophyll fluorescence which were linked to differences in 
reflectance patterns.  These results are promising for linking fluorescence to reflectance for rapid detection of stress in plants 
through remote sensing of hyperspectral imagery.   

 When applied at the canopy level, the relationships identify environmental variations across the landscape as indicated by 
stress and associated stressors in plants prior to visible signs of damage.   

 From the combined field and hyperspectral data collection, and using the results of our laboratory studies, we have established 
links between the remotely sensed data and environmental conditions in the field as projected by our indicator plant species.  
We have identified spatial variations in salt stress, seasonal changes in drought stress and year to year variations in vegetation 
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 For laboratory experiments, several reflectance indices and the chlorophyll fluorescence response were able to detect TNT 
induced stress in plants before changes in leaf pigments or visible damage occurred. 

 Field studies at the Duck, NC Field Research Facility revealed differences in plant physiological stress and leaf and canopy 
reflectance when plants growing over suspected buried UXOs were compared with reference plants. 
 

Technology Transfer 

 This project includes frequent communications and collaborations with the ERDC TEC lab in northern Virginia.  We regularly 
visit their facility to discuss progress and to share information.  All phases of this project, including results and conclusions are 
readily accessible to their staff.  For example, Dr. Anderson has used our laboratory results to develop a light adapted 
algorithm that is a modified version of the European Space Agency’s dark-adapted plant model for remotely sensing stress at 
the plant canopy level.   

 Dr. John Anderson and his associates maintain a remote office and a research laboratory in the VCU Trani Life Sciences 
Building.  Dr. Julie Zinnert (Naumann) maintains an office and regularly works in Dr. Anderson’s lab, my lab, and the VCU 
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