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Atmospheric CO2 Trends

900-1200 ppm CO2

670-855 ppm CO2
630-775 ppm CO2

600-705 ppm CO2

555-620 ppm CO2

425 ppm CO2



Effect of Elevated CO2 on Crops

Yield Effects on Major Crops

Ainsworth & Long, Global Change Biology (2020)

Yield Effect on Soybean is 
Cultivar Dependent
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Bishop et al., Plant, Cell & Environment (2014)

What does this have to do with seed 
mineral nutrient concentration?



The Breeders Dilemma

Fan et al., Journal of Trace Elements in Medicine and Biology 22 (2008)



Effect of Elevated CO2 on Seed Mineral Nutrition

Myers et al., Nature, 510  (2014)
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What are the mechanisms of the observed 
mineral reduction?



Effect of Elevated CO2 on Seed Mineral Nutrition

Ainsworth & Long, Global Change Biology (2020); Gojon et al., Trends in Plant Science (2023)
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Effect of Elevated CO2 on Seed Mineral Nutrition
National Soil 
Dynamics Lab
Auburn, AL

CO2 Treatments
- Ambient CO2 (410 ppm)
- Elevated CO2 (610 ppm)

Cultivars
- Clark (=Y, =Zn, =Fe)
- Flyer (=Y, -Zn, =Fe)
- Loda (+Y, -Zn, -Fe) 

Kaur et al.,  PCE (2025)

Ravneet Kaur Mary Durstock Dr. Steve Prior

Measurements
- Photosynthesis
- Biomass and yield

- Mineral Content
- Root Dry Weight



Nutrient Dilution has a Role in Decreased Nutrient Concentration

Kaur et al.,  PCE (2025)

Photosynthesis at Seed Filling
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Seed Yield at maturity

CO2 p < 0.0001
Cult p < 0.016
CO2 x Cult p = 0.03

CO2 p = 0.016
Cult p = N.S.
CO2 x Cult p = N.S.



Nutrient Dilution has a Role in Decreased Nutrient Concentration

Kaur et al.,  PCE (2025)

% Change in Seed Nutrient Concentration 
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Kaur et al.,  PCE (2025)
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% Change in Seed Nutrient Concentration 
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Nutrient Dilution has a Role in Decreased Nutrient Concentration



Kaur et al.,  PCE (2025)

Limited Influence of Transpiration on Nutrient Concentration

Stomatal Conductance Vegetative Stage Stomatal Conductance Reproductive Stage
CO2 p < 0.0001
Cult p = NS
CO2 x Cult p = NS

CO2 p = NS
Cult p = NS
CO2 x Cult p = NS
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Kaur et al.,  PCE (2025)

Limited Root Biomass Response May Limit Nutrient Uptake
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CO2 p = 0.016
Cult p = NS
CO2 x Cult p = NS



Rogers et al., 1992

Literature Points that Elevated CO2 Enhance Root Growth 

Ambient CO2 Elevated CO2

Niu et al., 2011

There is no report of cultivar variation in 
root traits under elevated CO2



Studying Root Cultivar Variation to Elevated CO2 

 Conditions: Growth Chamber
 Soybean cultivars: PI398223, 

HS93-4118, Loda, Clark and 
Spencer.

 CO2 Treatments:
• 420 ppm (ambient)
• 620 ppm (elevated) 
• 820 ppm (elevated)

 Root Analysis Techniques
Root Scanning: 
Employed flatbed scanner 
(Winrhizo, SEIKO EPSON CORP.) for 
root imaging.

A B

Sharmin Sultana
Auburn University

szs0438@auburn.edu



Studying Root Cultivar Variation to Elevated CO2 

Microscopic images 
Nikon Eclipse Ti2

Annotation of root hair parameters 
CVAT for root hair annotation and AI model creation

Dr. Tanzeel Rehman Muhammad Waseem

Root Hair Length
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Measured length (µm) Measured density (hairs µm-1)

R2 = 0.95 R2 = 0.93



Studying Root Cultivar Variation to Elevated CO2 

There is cultivar variation in root architectural traits
420 ppm
620 ppm
820 ppm
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Studying Root Cultivar Variation to Elevated CO2 

There is cultivar variation in root hair traits
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Effect  P value
CO2  0.3178
Cultivar  0.0001
CO2*Cultivar 0.0261

Ro
ot

 h
ai

r d
en

sit
y 

(h
ai

r µ
m

-1
)

Effect  P value
CO2  0.317
Cultivar  0.0001
CO2*Cultivar 0.0139



Future Experiments

Rhizobox Trial Setup Root Hairs Visualized in soil

Measuring root hairs in real soil

Growth Chamber Experiment
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