Understanding the Effects of Elevated
CO, on Soybean Performance and Seed
Nutrient Concentration

Alvaro Sanz-Saez

Associate Professor, Auburn University

th
February 17, 2026 YT AUBURN
Bt AGRICULTURE



B Atmospheric CO, Trends

Parts per million (ppm)

Billion tons CO,e per year

430
420 |
410 |
400 |
390 |
380 |
370 |
360 |
350 |
340 |
330 | |

150

100

un
o

Carbon Dioxide
(CO,)

1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 202

Businessas  9((0-1200 ppm C02

Usual

. W
(TR e iy
mocsstrict: 670-855 ppm CO, |

ratchet2 600-705 ppm C02

= v Tl o
/Ratchet 1 630_775 ppm COZ " I‘; jl._:. :;; LI ' | .. Qa-l

rarchet 3 555-620 ppm CO,
425 ppm CO,

ﬂ Taals for a thriving fufire Ratchet Success

2000 2050 2100

T 'Ratchet to 1.5




- Effect of Elevated CO, on Crops

Yield Effect on Soybean is
Cultivar Dependent

Yield Effects on Major Crops

—

What does this have to do with seed
mmeral nutrient concentratlon?

C3 LN C o . (25, §) TJ -
€3 Warming . o HEHe (8, 3) >
: ©
l _ 7,3) @
5 .. (4,2) S 98
; ; E s D =N R L2 Lt I -] LT i
2 0.0 0 © 04060810 sl &l = § 3 EE ‘*-h Eﬂr; EEE. E
F] TS < 2 =M [ . oL = uja
Proportionate mean yield response r}l E :"u__: ; lﬁ < : < o g |'_'| o
A g °35

Ainsworth & Long, Global Change Biology (2020) Bishop et al., Plant, Cell & Environment (2014)



- The Breeders Dilemma

The breeder’s dilemma—yield or nutrition?

Cindy E Morris & David C Sands

The emphasls of traditional crop production on yleld |s counter-productive for human nutritlon.
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- Effect of Elevated CO, on Seed Mineral Nutrition
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What are the mechanisms of the observed
mineral reduction?
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- Effect of Elevated CO, on Seed Mineral Nutrition

Strategies to understand plant nutrient
responses to elevated [CO,]

Hvpotheses

(1) Lower transpiration

(2) Down-regulation of
photosynthesis

(3) Altered requirements
for mmerals due to
changes in
enzymes/organic
complex requirements

(4) Mineral dilution

(5) Inhibition of nitrate
assimilation by decreased
photorespiration -

(6) Reduction in mineral
absorption through the root
and changes n root
architecture -

(7) Alteration of zinc and iron
transporters .
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- Effect of Elevated CO, on Seed Mineral Nutrition

National soil (el %' £ | CO, Treatments Cultivars
Dynamics Lab #4a0 - Ambient CO, (410 ppm) - Clark (=Y, =Zn, =Fe)
aﬁ Auburn, AL . - , - Elevated COZ (610 ppm) - FIyer (=Y, —Zn, =F€)
Ravneet Kaur Mary Durstock Dr. Steve Prior - Loda (+Y’ -Zn’ -Fe)
- Measurements
- Photosynthesis - Mineral Content

- Biomass and yield - Root Dry Weight

Frustum

Remote blower

Main chamber —

nnnnn
1L

Kaur et al., PCE (2025)




- Nutrient Dilution has a Role in Decreased Nutrient Concentration
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- Nutrient Dilution has a Role in Decreased Nutrient Concentration

% Change in Seed Nutrient Concentration

=

% Change at Elevated CO,

rii]

p value N P K Mg Ca 5

Co, 0.922 0.044 0.0232 <0.001 0.134 0,174
Cultivar 0.015 ﬂ.Dﬂﬁ] <0.0001 <0.0001 <0.0001 <0.0001
CO, x Cultivar

0.453 0,876 0,828 0.022 0.311 0,354 Kaur et al., PCE (2025)




- Nutrient Dilution has a Role in Decreased Nutrient Concentration

% Change in Seed Nutrient Concentration
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- Limited Influence of Transpiration on Nutrient Concentration
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- Limited Root Biomass Response May Limit Nutrient Uptake
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- Literature Points that Elevated CO, Enhance Root Growth

(a)

Ambient CO, Elevated CO,

Ambient COs

There IS NO report of cultivar varlatlon in
root tralts under eIevated CO

Elevated CO
(Wild-type)

Figure 1. Photographs of |8 d—l:l[«d soybean plants grown at (a) 330 umol mel™" and (&) 700 umol mol~' CO;. Photographs show the
median plant, based on root length I'r:n- each treatment.

Rogers et al., 1992
Niu et al., 2011



- Studying Root Cultivar Variation to Elevated CO,

» Conditions: Growth Chamber
» Soybean cultivars: PI398223,
HS93-4118, Loda, Clark and

Spencer.

> CO, Treatments: /)
420 ppm (ambient)
* 620 ppm (elevated) SharmiﬁSuItana

Auburn University

¢ 820 ppm (elevated) szs0438@auburn.edu

» Root Analysis Techniques

Root Scanning:

Employed flatbed scanner
(Winrhizo, SEIKO EPSON CORP.) for
root imaging.




Microscopic images Annotation of root hair parameters

Nikon Eclipse Ti2 CVAT for root hair annotation and Al model creation
Root Hair Length
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- Studying Root Cultivar Variation to Elevated CO,

There is cultivar variation in root architectural traits
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- Studying Root Cultivar Variation to Elevated CO,

Root hair length (um)
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There is cultivar variation in root hair traits
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- Future Experiments

Measuring root hairs in real soil

E

111}

\

Growth Chamber Experiment Rhizobox Trial Setup Root Hairs Visualized in soil
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