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Soil degradation and its impact on other systems
(hydrosphere, atmosphere, biosphere)

•Erosion

•Decline in organic matter

•Contamination (local and diffuse)

•Paving

•Compaction

•Loss of biodiversity

•Salinization

•Floods and landslides





Soil loss in 2017

• National average erosion ~2-5 tons/acre/year
• Rate of formation is ~0.1 to 0.5 ton/acre/year
• Some regions lose soil at 30-40 tons/acre/yr
• In years of severe weather, areas of Iowa suffer 

losses of 100 tons/acre/yr
• One year, thousands of acres in Iowa lost 50 

tons/acre in one storm
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Soil degradation in the Pampean Region
of Argentina

Nutrient losses after
80 years of 
continuous agriculture

Pergamino series —
Typic Argiudoll

Source: Andriulo, 
Galantini y Abrego 
(1996)



Soil 
Organic
Carbon

Microbial
Activity

Nutrient 
Cycling

Soil 
Structure

Soil 
Biodiversity

Water
Erosion

&
Availability 

Gaseous 
Emissions

Plant Growth
Yield

Environmental 
Services

Sustainability



Increased Soil Health
• Higher soil organic carbon
• Better soil structure
• Greater microbial activity

• Greater resilience 
– Water
– Nutrients

• Lower economic risks

• Less soil degradation



Inherent soil differences vs differences due to management.

Use of “baseline conditions” to assess response of soil to 
subsequent soil management decisions.
From Karlen et al. 2008



• Focus on Soil Health

• Intensify Systems:
– Fertilizer, water and energy management

• Efficiency not inputs
– Crop rotations

• Diversify Systems:
– Plant rotation and management

Keys to Future Systems



No-Tillage Cropping Systems
Conservation Agriculture

•Restores soil carbon
•Conserves moisture
•Saves fuel
•Saves labor
•Lowers machinery costs
•Reduces erosion
•Improved soil fertility
•Controls weed
•Planting on the best date
•Improves wildlife habitat



Effect of the cropping system in the 
aggregation – microbe population
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5 cm

Fonte: Juca Sá

No-till promotes fungal activity



Silt-size microaggregate with microbially
derived organomineral associations
Clay microstructures

Plant and fungal debris

Particulate organic matter colonized 
by saprophytic fungi

Microaggregate 20-90 and 90-250 µm

Mycorrhizal hyphe

Pore space; polysaccharides and other
amorphous interaggregate binding agents

Conceptual diagram of soil aggregate hierarchyConceptual diagram of soil aggregate hierarchy
Plant root

Jastrow & Miller 1997
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5 cm

Fungal 
activity 
promotes 
aggregate 
stability



PG: prairie grass (big bluestem); NT: No-till sorghum; CT: Conventional till sorghum.
SFWSA: sand-free water stable aggregate (Mfombep and Rice 2014) 

Change in macroaggregate (>2000 um) over time
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Management Strategies for C 
Sequestration

Enhance C Inputs Reduce C losses 

 Crop Management  Tillage 

 Crop Selection  Fallow Management 

 Crop Rotations   

  

 
 

Develop Management Programs that: 
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Soil organic C (Mg ha-1 cm-1)
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SOC (Mg ha-1)
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Water stable aggregates between 10 and 22 yrs of management

Mika et al.





Change in C 
relative to a 
baseline. 



Mean differences of soil organic carbon stocks in agricultural soils according 
to tillage system (a, b), crop frequency (c, d), and use of legumes (e, f) as 
compared pretreatment baselines in the cumulative 0-100 cm soil layer
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Intense and diverse cropping 
system
Intense and diverse cropping 
system

OatsOats

Soybean Soybean

Wheat

Corn

Crop 
Residues
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C Flux
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Capítulo 2 – Resultados e discussão

Oxisol



Capítulo 2 – Resultados e discussão

Oxisol



Perennials
Miscanthus and Switchgrass
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