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What is an Ozone Garden? 
 

-A public education and outreach exhibit with plants that are sensitive to ozone air pollution. 
 -With ozone (O3) and weather monitoring equipment. 
 -Panels describe ground-level O3 air pollution and its effects on plants. 
 -Leaf damage data is collected. 
 

The increasing levels of background O3 air pollution and its effects on the environment are little 
know components of global change. 

Youth Exploring Science (YES) student 
collecting O3 injury data on cutleaf coneflower 
leaves in the Saint Louis Science Center/Forest 
Park garden in summer 2013. 

Despite the fact that urban air has gotten 
cleaner, average background concentrations of 
O3 are now above the threshold where damage 
to plants can now be observed 

Trend in St. Louis O3 Concentrations 1980-2012: 
Dirty Air is Getting Cleaner, Clean Air is Getting Dirtier 



St. Louis 
Science Center 

'ÒÁÎÔȭÓ 
Farm 

SWIC 

Three Ozone Gardens in St Louis in 2013 
 

-Saint Louis Science Center (SLSC) ɀ 2nd year 
-'ÒÁÎÔȭÓ &ÁÒÍ ɀ 1st year 
-Southwestern Illinois College (SWIC) ɀ 1st Year 

'ÒÁÎÔȭÓ &ÁÒÍ SWIC 

Highlights in 2013 



More Ozone-injury Observed at the SLSC garden in 2013 Despite 
Considerably Lower O3 Concentrations  

Highlights in 2013 

2012:  40 O3 Days, 170 Exceedances  
 

2013:  7 O3 Days, 15 Exceedances 

Common Milkweed in 2012: 
Only minimal damage observed in 
2012, and none until September 

Common Milkweed in 2013: 
Ɇ 3ÔÉÐÐÌÉÎÇ gradually progresses to become prominent dark areas 
Ɇ /ÌÄÅÒ leaves show more advanced symptoms than younger leaves 
Ɇ !ÆÔÅÒ stippling, leaves can become chlorotic (yellow) and/or necrotic (cell 
death) and often drop early from the plant 

 
 

Cutleaf Coneflower 
and 

La Chipper Potato: 
Both plants exhibited 

damage in 2013 
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Dried pod weights (g) from soybeans at 
ÔÈÅ 'ÒÁÎÔȭÓ &ÁÒÍ ΣÎ ΤΡΣΥ 

Ozone tolerant Ozone sensitive

Observable and Measurable Differences in Sensitive and 
Tolerant Soybean Cultivars  Planted in 2013 

Highlights in 2013 

Sensitive soybean cultivar (A.K. Harrow, front) and tolerant 
cultivar (Williams 82,rear) planted at SWIC in 2013 



A National Network of Ozone Gardens Using AQAST Members 

From June 2012 AQAST Meeting  



Status of National Network of Ozone Gardens in 2014 

Open in 2013 

Planned for 2014 
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Submitted 
Bulletin American Meteorological Society 

February, 2013 
Revised August, 2013 (response to referees) 

2nd Revision October, 2013 (editor requested shift with more education focus) 
Forwarded to BAMS Editor-in-Chief 

 
 

Still Waiting for Formal Acceptance! 
 
From Jeff Rosenfeld (Editor-in-chief): 
2 December 2013 
 
Hi Jack, 
 

Peter asked me to take a look at the manuscript and I have done so. I was very close to making some recommendations to you and 
then got completely derailed with an unexpected health issue before Thanksgiving. 
 

I'm sure you'll hear from me, or from another editor, soon. The delay will be worth your while, even if it doesn't seem like it at 
the moment. 
 

--Jeff 

 
 
 
 
 
 

 



Part II: 
 

Can Information on Crop Spectral 
Signatures Be Used by Agribusiness to 

Improve USDA Commodity Forecasting? 
 

Potential Future Collaboration with 
Wasit (Ghulam) Wulamu (SLU) 



Sensitive soybean cultivar (A.K. Harrow, 
front) and tolerant cultivar (Williams 82,rear) 

planted at SWIC Ozone Garden in 2013 

Ongoing Research at Saint Louis University 
Sustainable Agriculture under Changing Climate: Nutrient Uptake 
and Grape Quality Study under Various Soil Moisture Conditions 

Grape plants under drought-stressed and irrigated 
conditions exhibit different spectral signatures 

Drought bed Irrigated bed 

Potential Tiger-Team Proposals: 
Determine Spectral Signatures for 

O3-Tolerant and O3-Sensitive 
Soybean Cultivars 



rice: 99-15 

Rice: 5021 

Rice: 99-15 

Hyper-spectral remote sensing has been 
used to differentiate cultivars of rice 

(Tong et al., 2004) 
 



-1.64%	ppbv-1	[56-70	ppbv]	
					(Morgan	et	al.,	2006)	

no	detec ble	impact	[38-53	ppbv]	

-0.92%	ppbv-1	[48-60	ppbv]	

(Fishman	et	al.,	2010)	

(Fishman	et	al.,	2010)	

Future IPCC Scenarios Suggest Tropospheric O3 will Increase by 25% 

Ɇ $ÅÃÒÅÁÓÅ ÉÎ ÙÉÅÌÄ ÂÅÃÁÕÓÅ ÏÆ 
increased O3 is an ongoing research 
concern of St. Louis-based Monsanto 



-1.64%	ppbv-1	[56-70	ppbv]	
					(Morgan	et	al.,	2006)	

no	detec ble	impact	[38-53	ppbv]	

-0.92%	ppbv-1	[48-60	ppbv]	

(Fishman	et	al.,	2010)	

(Fishman	et	al.,	2010)	

Future IPCC Scenario: Trop O3 +25% 
                              Decreased Yield ~10% 

Future IPCC Scenarios Suggest Tropospheric O3 will Increase by 25% 

Ɇ $ÅÃÒÅÁÓÅ ÉÎ ÙÉÅÌÄ ÂÅÃÁÕÓÅ ÏÆ 
increased O3 is an ongoing research 
concern of St. Louis-based Monsanto 



Spectral Measurements using PSR-3500 
Spectral resolution 3.5nm (350-1000nm); 

10nm @ 1500nm; & 7nm  
@ 2100nm 

Leaf Area Index (LAI) from 
LAI-2200 Plant Canopy Analyzer 

Ongoing Research at SLU Focused on Growing Grapes  
in an Urban Environment 

(Emphasis on Urban Sustainability) 



Purpose of SLU Research is to Characterize Differences in Spectral 
Signatures for Two Different Grape Varieties under  

Drought and Non-Drought Conditions 

Ultimate Goal: Transform Vast Tracts of Urban Land (either currently vacant or 
where derelict buildings stand) into Functional Vineyards 

Ɇ "ÕÔ ÆÉÒÓÔ ×Å ÎÅÅÄ ÔÏ ËÎÏ× ×ÈÉÃÈ ÇÒÁÐÅÓ ÇÒÏ× ÂÅÓÔ 
Ɇ )ÎÆÏÒÍÁÔÉÏÎ ÉÎ ÔÈÅ ȰÒÅÄ ÅÄÇÅȱ ÐÏÒÔÉÏÎ ÏÆ ÔÈÅ ÓÐÅÃÔÒÕÍ ÐÒÏÖÉÄÅÓ ÉÎÓÉÇÈÔ ÉÎÔÏ ÇÒÏ×ÔÈ ÏÆ ÐÌÁÎÔ 



TEMPO will provide measurements 
in the near-red (red edge) portion 

of the spectrum that can be used to 
measure chlorophyll fluorescence 

Application of TEMPO Air Quality Satellite Measurements to 
Improve USDA Commodity Forecast Models  





Ongoing Research Project at Monsanto 



Potential SLU-Monsanto Collaboration 
 

Ɇ )ÎÉÔÉÁÌ 4ÅÌÅÃÏÎÆÅÒÅÎÃÅȟ *ÁÎÕÁÒÙ ΤΡΣΦ 
 - Jack Fishman & Wasit Wulamu from SLU 
 -Marie Petracek & Mike Woods from Monsanto 
Ɇ -ÕÔÕÁÌ )ÎÔÅÒÅÓÔ ÉÎ 5ÎÄÅÒÓÔÁÎÄÉÎÇ )ÍÐÁÃÔ ÏÆ /ÚÏÎÅ ÏÎ 3ÏÙÂÅÁÎ #ÒÏÐ 9ÉÅÌÄ 
Ɇ 5ÓÅ ÏÆ -ÏÎÓÁÎÔÏ 3ÏÙÂÅÁÎ 4ÅÓÔ &ÁÃÉÌÉÔÙ ÎÅÁÒ "ÅÌÌÅÖÉÌÌÅ ), ɉͯΦΡ ËÍ %ÁÓÔ ÏÆ 34,Ɋ 
Ɇ $ÅÔÁÉÌÓ ÆÏÒ &ÕÔÕÒÅ 0ÌÁÎÓ ÔÏ ÂÅ $ÉÓÃÕÓÓÅÄ 
 - Use of Test Facility to make ground-based spectral measurements on 
 multiple cultivars with known sensitivity to O3 (summer 2014) 
 - Use of Test Facility for future aircraft measurements (2015 and beyond) 
  
 ΤΡΣΦ Ȱ0ÒÅ-4ÉÇÅÒ 4ÅÁÍ !ÃÔÉÖÉÔÙȱ 
Ɇ (ÁÎÄ-held spectroscopic 
measurements at 3 Local Ozone Gardens 
Ɇ %ÓÔÁÂÌÉÓÈ ÆÉÒÓÔ ÂÁÓÅÌÉÎÅ ÓÏÙÂÅÁÎ 
spectral signature 
Ɇ $ÅÔÅÒÍÉÎÅ ÓÐÅÃÔÒÁÌ ÓÉÇÎÁÔÕÒÅ ÏÆ /3 
foliar damage 
Ɇ Hand-held spectroscopic 
measurements at Monsanto Field Site 

2015 Tiger Team Proposal 
Ɇ 3,5 ÁÉÒÃÒÁÆÔ ÔÏ ÂÅ ÁÖÁÉÌÁÂÌÅ ÆÏÒ  in situ  
and remote sensing over Monsanto Field 
Site 
Ɇ ,ÅÖÅÒÁÇÅ 3,5 ÁÉÒÃÒÁÆÔ ÃÁÐÁÂÉÌÉÔÙ ÔÏ 
obtain spectral signatures over 
Monsanto field site 
Ɇ #ÏÍÐÁÒÅ ÁÉÒÂÏÒÎÅ ÍÅÁÓÕÒÅÍÅÎÔÓ ×ÉÔÈ 
ground-base spectroscopic signatures 



Summary 
Ozone Garden: 
 

Ɇ 4ÈÒÅÅ 'ÁÒÄÅÎÓ ÉÎ 3ÔȢ ,ÏÕÉÓȟ 4ÈÒÅÅ ÍÏÒÅ ÓÔÁÒÔÅÄ ÉÎ ΤΡΣΥ 
 
Ɇ 4×Ï ɉÏÒ -ÏÒÅɊ 0ÌÁÎÎÅÄ ÆÏÒ ΤΡΣΦ 
 
Ɇ &ÏÌÉÁÒ $ÁÍÁÇÅ #ÌÅÁÒÌÙ )ÄÅÎÔÉÆÉÁÂÌÅ ÁÔ 3,3# ÉÎ ΤΡΣΥ 
 - Annuals need one year to establish 
 - Soybean Species Introduced in 2013 
 

Spectral Measurements (Unplanned Activity for Summer 2014) 
 

Ɇ 0ÒÏÖÉÄÅ "ÁÓÅÌÉÎÅ 3ÐÅÃÔÒÁÌ -ÅÁÓÕÒÅÍÅÎÔÓ ÏÆ /ÚÏÎÅ 3ÅÎÓÉÔÉÖÅ ÁÎÄ /ÚÏÎÅ 4ÏÌÅÒÁÎÔ 
Cultivars at 2014  STL Ozone Gardens to Provide Baseline Spectral Signatures 
 
Ɇ %ØÐÁÎÄ !ÂÏÖÅ -ÅÁÓÕÒÅÍÅÎÔÓ ÔÏ -ÏÎÓÁÎÔÏ &ÉÅÌÄ 3ÉÔÅ ÉÎ )ÌÌÉÎÏÉÓ ɉÎÏÔ ÃÕÒÒÅÎÔÌÙ ÆÕÎÄÅÄɊ 
 
 
 

Use Findings for 2015 Tiger Team Proposal 



Back-Up Slides 



Production Estimates and Crop Assessment Division (PECAD) Model 
Knowledge and Forecasts of Crop Production Important to U.S. Agribusiness  


