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Climate Change Hit Midwest Crop Production Hard
(Martinez-Feria and Basso, 2020)

US Midwest crop yield reduction was at about 30% due to either the
drought or extreme rainfall in past decades, resulting in annual

® $500m economic loss

®* 4 MMg less CO, fixed in crop biomass

® 50 Gg more reactive N to environment



Strategy: Raise soil organic matter (SOM) in Midwest soil for
sustaining crop production under climate change
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Biosolids Application Research at MWRD Fulton County Site

Recent Application: 2013 (JumpStart-one application) or 2013-2017

(5 annual applications) to the same total rate
® Application rate (total): 7.5% top 15-cm soil (165 Mg ha ")
® Lagooned and air-dried biosolids
® Solids 65%
® Organic C 22.3%, Org N 1.6%, inorg N 0.26%, P 2.21%




Biosolids Application Research at MWRD Fulton County Site

Historic Application: 1972-1984 (13 annual applications)

® Application rate (total): 25% top 15-cm soil (550 Mg ha ")
® Liquid biosolids

® Solids 3-4%

® Organic C 25.7%, Org N 2.9%, inorg N 2.1%, P 2.92%



Results

Recent Biosolids Application




Effect of Biosolids Application on Soil Organic C (SOC)
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100 years Simulation of Soil C after Biosolids Application
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Effect of Biosolids Application on Soil Water Holding Capacity
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Corn grain yield (Mg ha1)
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Results

Historical Biosolids Application




SOC at 40-50 yrs after of biosolids application (72-84)
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Microbial C Storge at 40-50 yrs after of biosolids application (72-84)

Intracellular C storage of soil microorganisms
(Mass ratio of NLFA/PLFA (nmol/nmol)

Treatment Actinomycetes AM Fungi Fungi  Gram- Gramt+ General Whole
Conv fertilizer 2.59a 1.43a 1.55b 0.81b
Biosolids-amended 1.98a 1.61a 1.87ab  1.23a
Reference 1.54a 1.55a 2252  0.85b

Tian et al., 2025. Soil Biology and Biochemistry 207, 109836



Parameters Included for Greenhouse Gas Emission/Credit

Biosolids Emissions Assessment Model (BEAM) style

Credit
® Net soil C sequestration: SOC gain from crop residue-C to SOC for 40-50 yrs (Tian et al., 2025)
® Biosolids recalcitrant C: fraction of biosolids C having MRT of 100 yrs (Tian at al., 2023)

® Fertilizer offset: CO2 emission for fertilizer production (Beecher, 2008; Brown et al., 2008)

Emission

® Transporting of biosolids: to farmland at 75 km and return; diesel CO2 from Brown et. al. (2010)
® Application of biosolids fuel use in farmland application

® CH, emission (CO,-eq) from applied biosolids from Bhogal et al. (2023)

® N,O emission (CO,-eq): 0.6% (recent) of total N for organic amendments by IPCC (Hergoualc’'h et al., 2019)



Greenhouse Gas (GHG) (Lifetime-50 yrs) with Biosolids Land Use
(Tian et al., 2025. Soil Biology and Biochemistry 207, 109836)

(-) indicates credit; mean + SE

Net soil C sequestration -0.26 £ 0.03
Biosolids recalcitrant C -0.25 + 0.01
Fertilizer offset -0.11
Total credit -0.62

Transporting of biosolids 0.019
Application of biosolids 0.006
CH4 emission (CO,-eq) 0.001
N,O emission (CO,-eq) 0.008
Total Emission 0.03

-0.59 +0.03



Conclusions

® Use of biosolids can replenish organic carbon of Midwest agricultural soils
to mitigate the impact of climate change on crop production as desired for

climate-smart agriculture.
® Land application of biosolids has substantial C credits, contributing to net
zero emission goal.

® Application of biosolids to a certain level can result in high soil C
sequestration for decades to a century.
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