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Historical characterization

+23%

+360%

+410%

Yield

Biomass

Harvest 
Index

Yield mostly driven by 

changes in biomass

(Balboa, Sadras, and Ciampitti, 2018)



Historical characterization
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Seed number followed the same trend that seed 
yield. Improving with genetic gain.

Seed weight did not follow a similar trend 
being more variable through the years.

(Tamagno, Ciampitti, et al. 2018)



Linkage between breeding, production 
for N fixation, protein, and yields

History: Shift in soybean seed composition

Yield increased by

0.6 bu/a/yr

de Borja Reis, Moro Rosso, Tamagno and Ciampitti, 2020 (Scientific Reports)

Protein decreased by

-0.12 g/kg/yr



Shift on seed composition

Changes in seed composition during seed filling 
period for ”older” and “modern” genotypes800
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Biological N Fixation and Plant N Demand

Nitrogen deficiency, soybeans can 

present deficiency to N in situations in 

which the nodulation was not well 

established, and N fixation is not 

functional.

Extension Publication on Soybean N fixation: 

https://bookstore.ksre.ksu.edu/pubs/MF3462.pdf



Biological N fixation

Soybean plant N demand is primarily satisfied by biological N fixation (BNF). Recent 

studies analyzing heavy-fertilized soybean crops suggest the presence of an “N-gap” 

(difference between plant N demand and N provided by BNF + soil).

Ciampitti and Salvagiotti, 2018 (Agron. J.)



Plant N demand increases with yield, 100 lbs N/acre per 20 bu/acre

Biological N Fixation and Plant N Demand

Ciampitti and Salvagiotti, 2018 (Agron. J.)



Nitrogen and impact on yields

Trials Genotypes Released Year

KS, US 
(13)

P3981, Williams82, 
9391, 9392, P93B82, 

93B67, 93M90, 93Y92, 
94Y23, P35T58R, 

P39T67R, P31T11R, and 
P34T43R2

1980, 1981, 1987, 
1991, 1997, 2001, 
2003, 2009, 2013, 
2013, 2013, 2014, 

and 2014

ARG 
(8)

Williams, A4422, 
DM49, A3910, 

DM4800, DM3700, 
NS4955, and SRM3988

1984, 1988, 1990, 
1994, 2000, 2003, 

2014, and 2015 

N Fertilizer Rates

Zero-N: control

Late-N: 56 kg ha-1; applied at the R3 stage

Full-N: 670 kg ha-1, non-limiting; equal split 

at planting, R1, and R3

Ortez, Ciampitti et al., 2018 (Agron. J.)



Historical Yield Gains: Yield x nitrogen
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+12%

Greater yields: 

Full-N, +12% in US and +4% in ARG 

Modern genotypes, +29% in US and +21% in ARG

+4%

+29% +21%

Ortez, Ciampitti et al., 2018 (Agron. J.)



Seasonal changes in N fixation

N fixation satisfies N demand until 225 kg N/ha or 200 lbs/acre, 

increasing the N-gap as the plant N demand increases

N-gap, plant N 
demand not 

satisfied by N 
fixation

Ciampitti and Salvagiotti, 2018 (Agron. J.)



US Soybean N Fixation map

Antunes de Almeida, Ciampitti et al. (2024)

   

    

Nitrogen fixation 
contributed to an average of 
40% of the total N demand

N fixation: from 5 % to 90%



Partial N balance in the US

    

    

    

 

                        

                
  
 

 
 
  
  
  
 
  
 
  
 
 
 
  
 
 

 
 
 
 
 

                     

            
    

    

    

 

   

          
       

 
 
  
  
  
 
  
 
  
 
 
 
  
 
 

 
 
 
 
 

                     

            

The assessment of N fixation is crucial for a sustainable soybean-based farming system 

Antunes de Almeida, Ciampitti et al. (2025)



Seasonal changes in N fixation

Seasonal N fixation increases with the growing season with a peak 

during the seed filling period, declining rate after R5.5 stage

Moro Rosso, Ciampitti, et al. 2022 (Europ J Agron)



Seasonal N Fixation Patterns (38 sites, data from 2021 and 2022)
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N fixation peaked 
from 7 to 90%, 
occurring more often 
between full-pod and 
full-seed  

Under review - Almeida, Ciampitti et al. (2024)



Seasonal N Fixation Drivers

N2 FIXATION PEAK

HIGH VPD

LOW VPD

  

  

  

  

            
    

 
 
  
  
 
  
 
 
  
 
 
 
  
 
 

Under review - Almeida, Ciampitti et al. (2024)



Seasonal N Fixation Drivers

TIME OF THE PEAK

HIGH 

CLAY

LOW 

CLAY

  

  

  

   

   

        

 
  
 
  
  
  
 
  
 
 
 

Under review - Almeida, Ciampitti et al. (2024)



Importance on quantifying N fixation, non-nod

Responsiveness to N fixation (non-nod on the left, and nod on the right)

Heinz , Ciampitti et al. (2024)



Non-nod varieties

Heinz , Ciampitti et al. (2024)
N fertilization rates (lbs/acre)
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Non-nod varieties

Heinz , Ciampitti et al. (2024)

Non-nod starts showing less plant %N around flowering 

time (R1) and not even 100 lbs/acre helps to offset this 

N deficiency by seed filling stage (R5). 



In-season screening for N deficiency?

Bosche, Ciampitti et al. 2024

Establishing a plant %N dilution curve, points 
above this blue line present “luxury N uptake” and 
below the line are “N deficient”.

Around full flowering (R2 growth stage), values of 
Nitrogen Nutrition Index (NNI) below 1 refer to 
potential situations with yield responses.



In-season screening for N deficiency?
Is this a nitrogen problem?

Bosche, Ciampitti et al. 2024

Nitrogen

Sulfur

KS Sites

Responses to fertilization are 
more correlated to S than to N.



Agronomics and Digital Ag in Soybeans

Opportunity for segregation of soybean seed quality within a field

Changes within-the field of 
protein in farmer fields at 
harvest time, using combine 
protein sensor.



23

• Objectives

• Materials 
and methods

• Results

• Take home 
messages

• Next Steps

Objectives

• Determine the best crop season period to perform the 
estimation

• Develop a soybean seed protein and oil concentration 
predictive model

• Determine the best model and best satellite variables to 
perform the estimation

Framework of data processing and development of soybean mapping quality tool



Development of a farmer field-scale protocol 
for sampling soybean seed quality.

Development of a multi-state database

Field sampling protocol based 

on satellite imagery of soybean 

canopy and soil type. 

A protocol was established using 
available satellite data from past years 
and for defining zones within a field 
with different productivity to “direct” 
the sampling for seed quality.

• Objectives

• Materials 
and methods

• Results

• Take home 
messages

• Next Steps

Hernandez and Ciampitti, 2024



From digital tools to solving complex problems around the globe

Hernandez and Ciampitti, 2024



From digital tools to solving complex problems around the globe

•The optimal timing for 
making predictions was 
identified around a week 
after the peak of green 
chlorophyll vegetation index. 

•  The XGBoost was identified 
as the best predictive model 
for both quality traits.

•  Overall, models reported an 
absolute error of 1.7% for 
protein  and 1.1% for oil 
concentrations.

Hernandez and Ciampitti, 2024



Check all the details of this project in our publication.



Thanks for your time

Ignacio Ciampitti

Professor, Digital Ag 
Farming Systems

Director, Digital Ag Institute 

https://ciampittilab.wixsite.com/ciampitti-lab 

https://ciampittilab.wixsite.com/ciampitti-lab
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